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PREFACE TO THE SECOND EDITION. 



Many years ago the author began to investigate the variations 
from the standard typical anatomy of the text-books which constantly 
presented themselves in his surgical practice. During the past twenty 
years hundreds of skulls have been sectionized and studied. This 
investigation completely overturned the author's conception of what 
was meant by the term typical. There is, doubtless, a typical or typal 
form for each bone, but it is not often found in nature. If we were to 
photograjjh a thousand temporal Ijones, for examj^le, and make a 
comjjosite of the entire number, the composite would properly be 
accejjted as figuring the typal temporal. It is j^ossible, though 
doul:)tful, that of the thousand bones, two or three could be found 
which would exactly correspond with the typal bone so pictured. This, 
in the writer's view, is strong testimony that the typal bone is ideal; 
that the actual is a variant. It is with these ^'ariants that the surgeon 
and dentist have practically to deal. 

The author's investigations of the anatomy of the head ha\'e 
convinced him of the need for similar systematic study of the ana- 
tomical structure of the other parts of the bod}'. For it can scarcely 
be doubted that the departures from the normal noted in the bony 
structures of the head and face will l)e found associated with ecjual 
\-ariations of the other structures. It lurther shows that the text-book 
by itself is insufficient for the thorough study of anatomy; that the 
only authentic book of anatomy is the body itself; that, therefore, 
the use of text-books must be supplemented by the intimate study 
of the body. 

In the preparation of this edition the text has been thoroughly 
and carefully re\'ised to meet the reciuirements of those making special 
studies upon, or operating in, the region of which it treats. New 
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matter has l)een added to tlie extent of al^out iSo pa.i^es, including 
chapters on the teeth with tlieir ^er^•e and blo(xl supply; on the clis- 
trihution of tlie trigeminal ner^■e: on the uses of trozen sections; on 
tlie inter-relations l)et^\■een the nasal cavit}' and its accessory sinuses 
and cells. Wide and narrow dental arches ha\x- been lurther considered, 
and cUi extended chai:)ler has been added in which imijacted teeth, 
modern, ancient and prehistoric skulls and teeth ha\'e been compared 
and noted. With ci-rtain mocHhcations the liasle nomenclature has been 
generally adopted. 

The \\ riter desires to acknowlerlge the encouragement and assist- 
cuice recci\ed froiu Dr. Thomas (\ Stellwagen, Dr. Edward C. Kirk, 
Dr. .\rthur Ho].)e\\ ell-Smith, Dr. HernKni I'rinz, Dr. R(xlrigues 
OttokMigin, Dr. Trnman W. l]rophy. Dr. Robert H. I^-y, Dr. A. H. 
Ketcham, Dr. James I ). AIcC(jy, and man\^ others who ha\'e kindh' 
lurnishecl specimens or other material which ha\'e aided so materially 
in the preparation ot this \'oUmie. 

AIATT]l^:^^■ H. ("ryer. 

PhII,ADE1,1'H1-\, I'-'lO. 
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THE INTERNAL ANATOMY OE THE EACE. 



CHAPTER I. 
INTRODUCTORY. 

Carefully conducted studies of numerous dissections prove con- 
clusively that man>- of the stereotyped descriptions of the internal 
anatomy of the face are not justified by the facts; and that, therefore, 
the hard and fast rules for surgical procedures founded on these 
descriptions do not adequateh' cover the ground. In pursuance of 
these studies, hundreds of sections of the facial region have been cut 
and examined. The lesson they teach is that the accepted descrip- 
tions are to be re^ceived as only general truths, and that they cannot 
be depended upon or followed literally as a guide for the surgeon or 
dentist. The results of these investigations afford a basis for the 
explanation of the failure of many operations conducted on the lines 
of the accepted anatomical descriptions; such failures have been 
regarded as mereh' the natural percentage of unsuccessful treatment; 
whereas, the\' have probabh' lieen due to variations in the parts clearly 
within the limits of normalit}'. This will be demonstrated in the 
following pages Ija' many illustrations. 

Anatomical Variations. — No man who spends an>' considerable 
portion of his time in the study of anatomy — that is, in actual dis- 
sections — can fail to note how great is the number of anatomical 
variations which he meets. So common are these that it cannot be said 
with exactness what are typical and what are atypical conditions. 
In other words, anatomy as a study is not to be classed among the 
exact sciences. It is not meant \iy this that there is not such a basis 
of anatomical science that general rules cannot be laid down, but 
the more closeh' the subject is studied the more \ariations as to details 
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are recorded. From the niandiljle of an animal, a femur, or even a 
tarsal l3une, the nature of the asscjciated bones, their sizes, positi(jns, 
and forms can he satisfactorily deduced. Admitting this, however, 
there are still as mauA' ^'ariations in the internal anatomy' as there 
are differences in the external ajjpearances. Especially is this true 
of the anatomy' of the human head, as it is modified Ijy climate, race, 
age, disease, occui.)ation, and many (jther cijnditions. 

Climate. — Climate and en^•ironment ha\'e a great influence in modi- 
fying the dex'clopment <.)t the liones of the head, as is demonstrated in 
the differing formations of the skulls of the great races of the Avorld; 
and more markedlx' in branches of the same race li\'ing under di^erse 
clim<Uic and social Cfjnditions. 

Age. — The changes jjroduced by age are ^•ery marked. The skull 
consists of Ixjnes of l_)oth t'artilaginous and memljranous origin, fn 
the fetus and infant these liones are soft and \ielding; they recei\'e 
(k'l)osits of certain salts of calcium, becoming harder and harder as 
age ad\'ances until the degeneration c)f senility sets in. In the jaws, 
constant changes are caused by the dcA'clopment, eruption, and loss 
of teeth cUid the c<jnsec|uent alterations of the ah'colar i)rocess. 

Disease. — Disease lauses jirofound changes in tlie bony structiu'es 
as well as in the other tissues of the liody (see Fig. 45). In the jm'cs- 
ence of s(.)me dis<jrders of the nutriti\e systi'm— such for e.xamijle, as 
rickets, either the bones may fail to l)ec(jme infiltratcfl ^\•ith a sufficient 
fjuantity of lime salts, wliich would ha\e the effect of leaxing them s(jft 
and yielding; ov, on the other hand, an imdiu' proportion (_>f calcareous 
material may \k- incorporated into the bones, Axitli the opi)osile effect 
ot making them hard and unyii'lding, thus modifying the physiological 
functions with which they are' concerned. 

Occupation, Diet, etc. -()ccupalion will modif\- the shape and 
character ol tlic face and head, (.'specially in >'outh. Those ]iersons 
who are studicnis, and pass an indoor life, cU'e likely to ha\'e a more 
delicate de\-el(.)pment ol the face, with a larger brain-case than those 
who are brought up to a hilioiious outdoor life. The connninution of 
coarser lo(xls will dexclop the muscles ol mastication and their lion\' 
attachments. Numerous other facts nught be cited to show the 
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uiMueiiccs of personal habit upon the course of anatomical develop- 
ment. 

Asymmetry. — There are also variations in the same individual in 
the shape, size, and markings of the two sides of the face. In the 
bilateral l.)ones such as the frontal, sphenoid, \'(jmer, ethmoid, and 
mandible, one side is usually found to differ from the other. In the 
homonymous bones, as the maxilla^, the malar, the lachrymal, the 
turl)inate, and the palate bones, the same variations are observed. 
I his being the case, it will be readily understood that the internal 
openings and si)aces, \'iz., the mouth, the nasal chambers, the orbits, 
the maxillary, frontal, and sphenoidal sinuses, the ethmoidal and (jther 
cells, will differ accordingly. 

Diagnostic Importance. — It is clear that variations of the nature 
referred to must ha\'e a direct bearing on the diagn(jsis of morbid con- 
ditions lor which there is no evident explanation, and even more so 
on the performance of operations for their relief. A knowledge of 
these variations will point the way to an understanding of many 
otherwise obscure and doubtful lesions. It will also show w^hy, for 
example, following stcreotyjx'd ideas, the surgeon seeking to open 
into the antrum will occasionalh' enter the nasal cavity instead. It 
would seem that to the surgeon, and more especially to the dentist, 
such intormation is a necessit}'. 

The main object of this ^•olume is to present a digest ol these 
re\'ealed facts relating to the internal anatomy' ol the face — facts which 
have an important bearing on all sm-gical operations in\oh'ing this 
region, and especially on the work ot the dentist and the rhinologist. 
With this in view, the aim will be to call attention to misconceptions 
of the actual conditions; to correct errors which, ha^•ing found cur- 
rency, have been commonly accepted and more especialh' to enforce 
the idea that a sla^'ish f(^llowing of ty]:)ical descriptions is likely to lead 
to disaster. 



CHAPTER II. 
GENERAL CONSI DERATIONS. 

Anatomical Structures. — The anatomical bony structures of the 
facial region include the framework, superficially, of the external face 
and, more deeply, the walls ot the \'arious cavities and air spaces of 
the internal face. As with other bones, they consist of a cortical outer 
wall inclosing cancellated tissue, the latter being extremely fine and 
delicate in many cases, in some instances becoming so attenuated as 
to be almost lost. The exterior cortical parts are covered with a true 
periosteimi, ^\■hile the interior surfaces, those looking toward the inter- 
nal ca\'ities, as the mouth, nasal ca\aty, the frontal, maxillary, and 
s]3henoidal sinuses, and the ethmoidal cells, are co^•ered by a muco- 
periosteum. Erom these characteristics, the former are known as 
non-mucous, and the latter as muc(jus or muc(jid surfaces. It is 
important to consider the difference in these surfaces in the treatment 
of some ot the diseases ot the Ijones. 

The dense exterior or non-mucous surlace is roughened at ^'arious 
points b;>- the actions ot the attached muscles. The exterior cortical 
portion varies in thickness according l(j the amoimt ot work to which 
it is subjected or the protection it has to afford. The greatest thick- 
ness is found in the mantlible, the acti\'e bone of mastication, which 
(jccupies a position in the face where it is peculiarh- exposed to the 
eftects of external torces, such as blows, etc. 

The inner or nuu'ous surtaces, while dense and compact, are thinner, 
smo(jther, and more delicate. They are marked by depressions fin' 
the lodgment of the mucous glands, by groo^'es tor the lodgment of 
the ner\es and xessels, and also \)y ekvations due to the attachment 
ot the nuiscle^. 

Cancellated Structure. — The cancellated tissue t(nmd between the 
plates ot coilical Ijone varies in thickness and Cijmpac'tness according 
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to the densiU', the positicjn, and the functions of the bone. The 
arrangement of the trabeculfc is an interlacing network. To give 
bulk to the bone where reciuired, and to diffuse shock, constitute the 
t unctions of the cancellated tissue. Through it pass the nerves and 
N'esscls to supply local structures and, by means of l)ony canals or 
tubes, the more distant parts. The bones of the head contain man^,' 
canals and foramina for this last-named purpose, thus differing mate- 
riall;^' trom the other bones of the body. This is a fact of surgical 
importance. For when these bones have become altered either b;>' the 
breaking down of the tissue or by abnormal growths encroaching ujjon 
the foramina or canals, the functions of the nerves and vessels are 
interfered with, thus affecting not only adjacent tissues, fuit parts of 
the face and body remote from the seat of the lesion, causing abnor- 
malities in the area of distribution, as atrophy, neuralgia, etc. 

DEVELOPMENT OF THE FACE. 

The bones of the brain case are in an advanced stage of de^'elop- 
ment before the facial bones commence to be built. To such an extent 
is this so that the dermoid structures are nearly in contact wath all 
of that portion of the head below and anterior to the notochord. 
At this time there is no opening into the alimentary canal. 

The facial bones arise from the under surface of the brain case, from 
certain processes that push outward and downward, leaving a layer 
of dermoid tissue on their inner as well as their outer surfaces. This 
dermoid tissue becomes the mucous or epidermal lining of the mouth, 
the nasal cavities, and all internal surfaces of the face. 

It is also from this dermoid tissue that the teeth and alveolar pro- 
cesses take their origin, and not from the developing buds or processes 
that form the remainder of the bones of the face; so that when the 
teeth are lost and there is no function for the alveolar process to per- 
form, it is also lost. It is for this reason, also, that when the dermoid 
tissues are attacked b}' systemic diseases such as syphilis, scarlet fever, 
etc., the teeth and alveolar processes are involved simultaneously 
with the skin, as are also the bones of the face, which were covered 



22 GEXER. I L COXSfDKKA TIONS 

originally with clcniKiid tissue. It is quite possible that pyorrhea 
alveolaris may also be a maniteslation ot a dermoid disease. 

When the dermoid a])pendages are entirely lacking at birth, and 
do not develop later on, the ah'eolar process will also be lacking. 

The i)roc(,'sses in front which pass down and torwarcl are called the 
frontonasal ; those on the side, the maxillary and mandiljular; those 
situated deeply within the lace are known as the spheno-ethmoid jiro- 
kjngations. The general lendt'ncy of these buds, forming the upper 
and lower jaws is to send i)rocesses toward the median line which iorm 
a imion with their lellows of the opposite- side. The Ixjnds ot these 
uni<jns NcU'A' accortlingh' to circumstances (k'lK'nding ujjon their ])osi- 
tion, function and the age ol the indi\idual. 



CHAPTER III. 
THE MANDIBLE OR LOWER JAW. 

The mandible develops from the first pair of the visceral or 
branchial folds called the mandibular plates, which in carh" embryonic 
life advance trom the sides of the base of the cranium and meet at the 
uK'dian line, forming the symjjhysis menti. 

The mandil)le is s;^'mmetrical in its general shape, although one 
side may and usually dix'S differ from the other. It presents for study 




Fiii. I. — Four niaiuliljles ranging trom birth to cigliteen niontlis: .1, at liirtli; B, at tliree montlis; 

C, at six niontlis; D, at eighteen months. 

a lioch' which is horizontal in direction, with two rami extending 
upward to the articulation in the anterior pt^rtion of the mandibular 
fossa of the temporal bones. The angle (gonion) iormed by the union 
of the lower f:>order of the jaw and the posterior l)order of the ramus, 
varies ccmsiderably at different periods of life. Figs, i, 2, 3 and 4 are 
views of the external cortical surfaces of the normal lower jaw at 
\-arious ages, showing pr(jgressive changes in the angle between the 
rami and the boch' of the bone as life progresses. At birth {A, Fig. i) 
the angle is ver}' obtuse, but as the teeth develop and erupt, it becomes 
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k'ss and less obtuse until about the time the last of the permanent 
teeth arc eruptt'd it is almost a ri;<ht angle, as shown in Fig. 2. 




Fk;. 2. — Side \'ie\v of a t\'pical mandil^lc at m,iturit\ . 

As the muscles grow and increase in strength, that portion of bone 
to which the\' are attached also increases in size, gi^•ing the ramus a 
square appearance, es]5ecially in strong muscular persons (see Fig. 8). 

After full maturity, as time ])asses, the muscular action becomes 
less and less, and the tubercjsities, etc., thnjughout the b(jdv Ijccome 





Fig. .1. — Manililile of agud jxi'son, showing a great change from that ol adult Hfe. 

smaller. The same condition takes place at the angle of the jaw, and 
it l)ecomes nrtre obtuse as <ige acK'ances. \\hen the jaws can be kept 
ajxart with good teeth and n<jrmal, c(jniplete mastication, there is not 
so much change in the angles. 
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As the teeth l)ecome abraded, or when they are extracted, the 
alveolar process is resorbed, the horizontal planes of the jaws 
approach each other more closely, and the angle again becomes 
obtuse (see Fig. 3). 

The teeth and their alveolar processes are placed on the upper 
portion of the body of the bone. The third molar is j^artially posterior 
to the anterior margin of the ramus, and a line can be drawn between 
the first and second premolars to the mental foramen. 




Fig. 4. — Mandible of an aged person showing the mental foramina in the top of the body of the jaw. 



The incisor teeth should have neither lingual nor labial inclina- 
tion. Fig. 2 shows a fairly t^'pical mandible: as is also shown in the 
skull marked Fig. 77. 

The mental process gives jjrominence to the chin and lower j)art 
of the face. It belongs to man onh, and is always associated with 
the genial tubercles. In the monkey there is a depression instead of 
the tubercles. The space between the halves of the body of the 
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mandihk' in thf ri';<i(jn of ihv i^rcmolar teeth is much wider in man than 
in the other mammaha, thus ;<i\ini^ more freedom for the action of the 
lon;j,ue. The mental i:)r()CL'ss, the genial tubercles, and the freedom 
of the tongue are se\'crally and collectively concerned in the produc- 
tion of articulate speech. The writer also considered that the presence 
of a well-de\X'lope(l mental pnxx-ss contributes to a greater command 
of articulate s]>eech than can be attained by indi^'iduals in whom it 
is small or underde\'cloi)ed ; and as it extends outward lieyond the 
line (if the teeth, it — the mental process — gi\'es the origin for the 
muscles that control the action ol the lower Ii|), and when properly 
de\"el(j]ied holds the latter in position to conform with the ui)p(.'r lij), 
thus ]KMiecting the labial sounds. 

In considering the mann(.'r in which deal pe'ople can C(jmmunicate 
orally by obser\ ing the action of the Ii])s, and the fact that the deaf 
and lilinrl CcUi read \\'hal is be-ing said, merely by gently jjlacing the 
fingers ui)on the lips, one is inclined to the opinion that the lips are an 
important lactor in the communication of thought as well as in the 
pr(jducti<.in ot articulate sjjeech. 

The orbicularis oris muscle and its associates must have great free- 
(lom and ]:)ower of action in order to ])roduce the numberless varieties 
ot motion necessary to this end. The facial ner^'e thus becomes one 
ol the ner\'es ot s|X'(.'ch, as it n(jt only contr(jls the lips, l)ut also the 
cheeks cUid some of the mustdes ot the solt palate. 

In order that these :)ral muscles shall \rA\v a free and balanced 
action, the lower |)orlion ol the orbicularis and its associated interior 
mus(des must lu' carried forward to a line eciual to that of the up]X'r 
l)ortion, thus as belore mentione<l, the mental process also Ijecomes 
an iiujxirtant lactor in articulate spet'ch. 

Mandibles of Different Races.- In comixu'ing mandil.iles of difterent 
races ;ind also of the same race great ^■ariations in general characteristic 
shapi' and size ai'e lound. The lollowing ligiu'es illustrate a tew of 
t hese A'ariat k )ns : 

Fig. 5 is a side \iew' ol an Indian mandible lound in one of the 
buttes in western IvcUisas. It is a ^'ery i:iowerful jaw, the angle is ahiKjst 
acute, 106 degrees, the distance from the c(jnd\l(»id process, which acts 
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as the fulcrum, to the coronoid process, the place of attachment of the 
temporal muscle, is 50 mm., which gives great power to the mandible. 



50 MM 




Fig. 5. — A powerful mandible of an Indian found in buttcs of western Kansas. (Loaned by 

Dr. Ketchani.) 




^ "7 

Fig. 6. — .A mandible of a South .Alrican negro, a member of the Fan tribe. 

Fig. 6 is from a mandible of a South African negro a member of the 
Fan tribe (.see Fig. 78). The body is fairh* typical, except that the 
angle is nearly a right angle. The characteristic features of this 
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nian(Iil:)le arc caused l)y the positidu of the teeth and their alveolar 
l^rocesses, which are set forward on the l)ody (A the jaw. It will be 




Fig. 7. — .\ mamliljle Iroiii a skull, showing prognathous jaws. (See Fig. 79.) 

noticed that the third molar is in ad\'ance of the ramus al.xnit the 
width ot a molar, and that a line drawn downward between the pre- 
molar teeth would pass acnjss the ])ody oi the jaw a full width of a 
molar t(joth in ad\'ance of the mental foramen. The canine and 
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incisor teeth are placed in tront ot the jaw proper, with considerable 
laltial in( lination (jt the incisors. The mental ])rocess is not so promi- 
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ncnt as in Fig. 2, due in part to the carrying forward of the teeth 
and alveolar process. 

Fig. 7 is made from a skull (see Fig. 79) showing prognathous jaws. 
In Fig. 6 the prognathism is evidently caused by the malposition of 
the teeth and their alveolar processes upon the body of the bone. 
In Fig. 7 the principal cause of prognathism is in the relation of the 
ramus to the body, which carries the body of the jaw so far forward 
that the mental process is much more prominent than in Fig. 6 and 
the anterior teeth have lingual inclination. 

Fig. 8 is made from the mandible of a very heavy skull with massi\'e 
teeth in excellent alignment (see Fig. 80) and when articulated 




Fig. '). — A niandible of a peculiar skull. (Sec Figs. 363, 364 and 365.) 



with its skull there is fairh' good occlusion. The marked feature of 
this mandible is the relation ot the ramus to the Ijody of the bone; 
its external angle is nearh' a right angle, being 103° on the right side 
and 100° on the left. 

Fig. 9 is made from a mandil)le of a peculiar skull (see Figs. 93, 363, 
364 and 365). It is a great contrast to the mandible shown in Fig. 
8. The angle of the ramus with the body of the bone is 139°. Age 
should be taken into consideration in this comparison, as the angle 
usualh' increases as age advances. 

Fig. 10 is made from the mandible of a skull having a \'er}' flat face 
(see Fig. S2). There is a slight anterior occlusion. The angle of the 
jaw is obtuse — viz., 133 degrees. 
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Fig. II is made from the mandiltle of a Chinese sliull (see Fig. Si). 
The rami are rather scjuare and nnite with the body of the bone at an 
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Fig. 10. — -A iiianilihile Ironi a skull ot a flat-faced person. (See Fig. 82.) 

angle of lo8°, which makes the mandil)le short. On the left side of 
the mandibU' tln're is an impacted lower third molar. 
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F'li.. 11. — .A iiiaiujilile of a skull of a Chinese. (See F'ig. SI.) 

The following diagrams, each reduced one-half, gi\'e the measure- 
ents and angles of the man(li])les in Figs. 2, 6, 7, S, 9, 10 and li: 
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124^ ANGLE 75 MM 

Fig. 12.— Mandible, Fi^. 2. 




MENTAL 
FORAMEN 



136° 77 M M 

Fig. 14.— Mandible, Fig. 7. 




139° 56MM 

Fig. 16.— Mandible, Fig. 9. 
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118' 71 MM 

Fig. 13.— Mandible, Fig. 6. 




M E NTAL 
FORAMEN 



103° S9MM 

Fig. 15.— Mandible, Fie. 8. 
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135° 73 MM 

Fig. 17.— Mandible, Fig. 10. 




MENTAL 
FORAMEN 



Fig. is.— Mandible, Fig. 11. 

The tollowing diagrams illustrate the triangles of mandibles in 
skulls of various ages from eight months to old age; 





Fig. 19.- — Age eight months. 



F'ig. 20.— Age fifteen months. 
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[■ u.. 21 . — Age eightt'tTi iiKjiuhs 




1(7° 50 MM 

Pig. 22. — .Age two >ears. 





Fig. 24.— Age fi\-e years. 




1)6° 6Z MM 

Fig. 26. — Age eight to nine \'ears. 





F~it;. 2X. — .\ge eighteen \ea] 




■"iG. 20.— .A.hilt. Fi,,, ,iO.— (_)1,1 age 

Figs. I') to M). — Diagrams of mandible, reduced one-half. 
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The Body of the Jaw. — The l)ody of the jaw in transverse section, 
shows a IT-shaped cortical or dense bony structure, the arms of the U 
terminating in the plates of the alveolar jirocess — outer and inner — 
which are composed of a modified cortical bone with no definite line 
of demarkation between them and the body of the l)one proper; the 










y^^ 

Fig. 31. — Anterior lateral \'ie\v of upper and lower jaws, with the external cortical fiortion of 
bone co\-ering the roots of the teeth remo\'ed, exposing the cancellated tissue, the roots, and the 
cribriform tube. (Mandibular canal.) 



function of the l)ody, however, is quite different from that of the 
alveolar process. 

The bone proper is covered with a true periosteum, the aheolar 
process with mucoperiosteum, the latter being thick and dense and 
containing man\- mucous glands. It is commonly known as^ gum 
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tissue. The space between the arms (jf the U is filled with fine trabe- 
cuhe forming the cancellated structure. The roots of the teeth are 
iml)edded within this cancellated structure, each root l)eing; sur- 
roimded b^' thin, compact bouA' tissue. Lamina dura,' which approaches 
the cortical Ixjne in density, but is cril)riform (sieve-like) in character 
(see Figs. 31, 32 and 34). 

Fig. 34 is an ui:)per ^■iew of the mandible with the teeth reuKn'ed, 
showing single sockets for the ten anterior teeth and double sockets 
tor the six molars. The shapes of the sockets as shown correspond 
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Fig. 32. — MamJibk- with ihf corticiil porlion ol lioiif rcmowil troni Uie Ijody. 

with the transverse section of the \'arious teeth at the Ie\'el of the 
margins. The septa betwt'cn the sockets are cribriform in character. 

Cribriform Tube.- T'hrough the cancellated tissue j^asses the man- 
flibular canal, which is, hc)we\'er, more accurately described 1a' the term, 
"cribriti)rm lube of the mandible." The function of this tube is to 
afford a i)rolecti\e passage tor the mandiljular nerve and the bloocl- 
X'cssels. 

'I he cribrilorm lube passes downward and forward from the man- 

'A. I lopewill-Siiiith, Denial Cdmiios, .Xiigiisl, 19r\ p. 769. 
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dibular foramen, at first along the inner cortical portion, then, after 
it leaves the ramus, gradually crossing over through the cancellated 
tissue toward the outer cortical portion and downward toward the 
border of the U-shaped space. As it approaches the mental foramen, 
its course is near the outer cortical portion and along the lower border 
of the cancellated tissue, passing beneath the foramen to its termina- 
tion near the roots of the incisor teeth. This tube can be removed from 
a normal jaw or isolated as shown in Fig. 33, taken from a specimen 
in which the cortical and cancellated tissues have been cut away, 




Fig. iZ. — Cribriform tube (mandiljular canal) of tlie lower jaw isolated. 



exposing the cribriform tube. Figs. 31, 32 and 33 show that the crib- 
riform tube is an independent structure, not merely a canal through 
the bone. In Fig. 31 it will l)e noticed that a portion of the outer wall 
of the tube has been removed, while in Fig. Tyi the wall is left intact, 
showing its tubular form. The outer wall of the tube in the region of 
the second and third molars is extremely well shown in Fig. 31. 

As the tube passes along the jaw its cribriform character becomes 
more and more marked until, beneath the first molar tooth, it becomes 
so opened, probably by a sort of stretching process coincident with 
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thr i;r()\\lh of the l.ione, that the tuhe-hkc formation is ahnost lost, as 
is well shown in Fig. 31. Fiu'ther forward it again resumes its original 
character. This main crihritorm tulje gi\'es fjff lesser branch tubes 
which afford passage for the nerx'es and ^X'ssels to the substance of the 
bone; also, in more or less ctn'\ed course to the roots of each tooth. 
The Ijranch tulje for tlie accommodation of the ner\es and \-essels 




Fig. 34. — \'iew Irom aliii\-e of ni.iiicliliK' Innii « hich all the teeth ha\x- licen reniri\erl, ^howint;- the 
crilirilnnn rh,ir,iti,T (if tfie >e]ila of the sockets of the teeth. 

to the mental foi'amen, is usually gi\en oft slightly anti'rior t(.) the 
foramen, |)assing backward from the main tube to the toramen. This 
is ahnost in\ariably the rtfle' -namely, that the ttilie to the mental 
foramen is in the form ol a return or rectu'rent canal, mental canal, 
thotigh occasionally it [Kisses from the main ttil)e as it ai)i)roaches 
the foramen. The reiiirrent tube is well shown in Figs. 31 and ^-,2. 
In the lormer, the anterior \\all of the mental foramen has lieen cut 
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away, and in the latter, a narrow jMcce of paper has been passed throutih 
the foramen into the recurrent tube, showing its direction. 

The Dental Branches. — The small lateral tubes which serve as 
nerve and vessel conduits U) the roots of the teeth posterior to the 
mental foramen are given (jff from the main tube and ])ass upward 
and forward in a more or less curved direction, the degree of curva- 
ture var^i'ing according to the position of the teeth. Those going to 
the third molar are nearly vertical in direction. In those going to 
the second molar the forward direction is greater; in those to the first 
molar this forward direction is increased still more, while those to the 
second premolar ha^•e the longest cur\'e of all. Sometimes the tulie 
passing to the second premolar, instead of beginning at the main 
tulje, is found as an offshoot of that going to the antericM' root of the 
first molar. The small tubes going to the first premolar and the canine 
are Itranches ot the recurrent tube ot the mental foramen, and are 
cur\-ed slightly l)ackward as they pass upward to the njots. In the 
unusual cases, where the branch from the mental fc^-amen is not recur- 
rent, but given ofT as the main tube ap])roaches the foramen, the latter 
branches for these two teeth pass directly from the main tube, and 
with a slight forward curvature. The tubes tor the supph' of the inci- 
sors are also branches of the main tube, and curve slightly forward as 
they pass upward to the roots. 

Method of Growth. — The cortical U-shaix'd portion of the bone is 
the framework of the jaw; its supporting structure. It grows b}' an 
interstitial process, each half having three fixed points l)etween which 
the growth occurs — viz., the ramus, the mental foramen, and the sym- 
physis menti. There is no doul.)t that the distance lietween these 
points increases, though the growth between the symphysis and the 
foramen does not occur at the same time as that between the foramen 
and the ramus. The periods of growth in these regions seem to corre- 
spond with the time of development and eruption of the teeth of the 
localities concerned. Thus, the increase between the mental foramen 
and the s^•mph^•sis menti occurs during the time the incisor, canine, 
and premolar teeth are developing. After these teeth are erupted, 
there is little further increase in the length of this porticMi of the jaw. 
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From the nu'iital lOranu'U to the ramus the increase is inconsiderable 
until the time draws near tor the erujjtion of the second and third 
molars, the i^reatest growth occurring during the dex'elopment of these 
teeth, and generalh' ceasing after the erui)tion of the last named. 

The contents of the I'-shaped portion grow forward as the cortical 
structure increases in length, the teeth immediately posterior to the 
mental foramen — which are first developed in this region — being jjushed 
forward successively b>- each developing and erupting t(j(jth. It is 
this forward mo\ement whii'h gi^'es the cur^'ature to the \arious small 
tubes to the roots of the teeth, etc., and accounts ior the stretching 
(_)l the main tube until its distinctive character is nearly lost under 
the first m(;lar. It also affords a rational explanation of the recurrent 
leature of the tube to the mental foramen; the end of this tube being 
attached t(.) the wall ol tlie loramcn, A\'hen in the i)rocess of growth 
the mass ot cancellated tissue is |)ushcd lorward, the tube itself is carried 
along with it, forming a l(;oi.). 

The reason wh\- the small tulies g(.)ing to the first ])remolar and 
the canine c-ur\'e l)ack\\'ard is, that their j.)oints ot origin ha\"e been 
carried forward with the return tuf)e from which they spring. The 
small tul)es going to llu' incisors cur\'e slightly forward, as thcA' arise 
Injm the continuation ot the main tube near the point where it cur^-es 
backward to the toramen. 

Siirj^icdJ Si<^)iijic)iiicc. — This anatomical arrangement has an impor- 
tant surgical signilu"ance in certain phases of xhv oi;)eration of resecting 
the mandiljular ncrx'e, loi' il the gcnei'al t(_'aching ol anatoniA' be fc^l- 
lowx-d the surgeon is liable to \)v misled. It the operator cuts down to 
the mental toi'anien, then scizt's the nuMital ner\i' and uses il as a guide 
while ( utling the bone a\\a\ with the surgical bur from tlu' i:)osterior 
wall ol the loriimen, he will lind that the ner\-e cannot \)v followed 
as a rule, as tht; ner\ c and the i anal do not ])ass bat'kward. But if 
th<' anterior w.dl be cut awa\ , the ner\ c can be Icillowecl down to the 
mandibular n<;r\c, which max then I n' uncoxH'red to auA distance 
deemed necessar\ . 

Fdlhdldi^iiiil Si vji I J 1(1 nice. Thv pathological significance of this 
bending backwdrd ot the ner\c and its bon\- coxering is that if an\ 
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injury be received in this region, or if any inflammatory condition 
be produced, either traumatically or by infection from diseased teeth, 
the nerve is hable to become impinged upon or compressed, thus 
causing pain or inflammation of the nerve itself. The writer has 
found neuromata more common in this region than at any other portion 
of the mandibular nerve, probabl}' mainly due to the anatomical 
condition under consideration. 

Records of Development. — Thus it will be seen that the anatomical 
structures, the relation of the various teeth considered with regard 
to the order of their development, and more especially the direction 
which the lateral branches of the main cribriform tube take to form 




KiG. 35. — View of mandible (left side), with the cortical portion of bone removed together with 
the cancellated tissue, exposing the nerves and \'essels within the cribriform tubes as they pass to 
the roots of the teeth. 



their connection with the roots of the several teeth, supply us with 
permanent records of the methods of growth of the mandible during 
the period between childhood and adult life. 

In the boiled and cleaned specimen, naturally all the contents of 
the tubes — the soft tissues — have disappeared; but the illustrations, 
Figs. 31 and 32, show clearly that the main tube and the smaller 
ones i^assing to the various teeth, and the finer tubes going to the inter- 
spaces and general cancellated tissue, ha\'e the same general direction 
and cur\-ature as those going to the roots in their immediate vicinity. 

Fig. 35 shows a specimen from which the soft tissues have not been 
removed. It shows the smaller tubes passing to the roots of the teeth. 
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\\ilh llu'ir contc'iUs, prox-ini^ that these tulles do act as conduits for the 
lH■r^■es and bloocKcsst'ls. 

V\'^. 36 is fnjm a spe'timen which was prepared In' grinding away 
the labial and lingual surfaces of the l)one and teeth until the inilp 
chambers and apical foramina were expijsed on both sides of the teeth, 
lea\'ing the tissues extending out of the foramina and through a jxjr- 
tion of the bony criliriform tube below. In one tooth, at A, the lateral 
wall has l:)een Ijroken away, lea\ing the tissues uncovered by hard 
structures on the three sides. It will lie seen that the ner\e has Ijeen 
pushed slighth' awa\- fn.im the wall. In this dissection and in mauA' 
others it will be obse'r\ ed thai the tissues passing into the teeth gi^'e 




tie. 36. — (jround suction of the si.\ anterior teeth .ind twcj lell riremolars. 



off snudl branches from the ner^'es and \-essels just below the ai)ical 
foramen. So clear does this a])pear that the \\riter is (.)1 the opinion 
that the l(n\er pcjrlion ol the alwolocK'ntal [jeriosteum is suj^iplied from 
the same Ijranches ol the ner\ es and ^ essels which supjjly the pulp. 

Fiithologicdl Si>^iiijictn:rc. — The pathological signihcance ot this 
c(jndition is iound in the reciprocal relation of ]hi1i) hyperemia and 
congestion with the same conditions affecting the apical portion of the 
l)eridental membrane so b-equenth obser^•ed in clinical jiractice. 

hig. 37 isa\tr(ical transxerse section through the jaws and tongue 
at the location nf ihe lirst molars, affording a good idea of the cortical 
portion (jI the bone lieret(if(jre referred to, of its relation with the n.iots 
oi the teeth, and of the [position (A the cribriform tube with the nerve 
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for which it serves as a conduit. (For further description of this ilhis- 
tration, see Fig. 196, page 220.) 

Fig. 38 is a view of the anterior portion of the loAver jaw shown in 
Fig- 37- The roots of the second premolar, it wih be seen, are nearly 



iMicldle 
Hiatus ethmoidal 

semilunaris cells 




Crystalline lens 



Unciform process 
Middle concha 
Middle meatus 
Maxillary sinus 



V ■■/ i^lrair interior meatus 

f £:■[ -^Sf Inferior nasal 

'X^ i^iSf^fflP concha 



Vestibule of the 

mouth 
First molar 



Posterior root of 
first molar 



Mandibular 
nerve 



Fig. 37. — Anterior \'ie\v of vertical trans\"erse bilateral section of the head, showing the relations 
of the jaws and the I'-shaped cortical bone of the mandible. 

in a line transversely with the anterior roots of the first molar, a con- 
dition which is not at all uncommon. As the premolar roots are long 
and comparatively slender, extending below the roots of the molar, 
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often lU'arly to the manclibiilar nerve, while the bone at this point is 
usually \'ery coni])act, the clifficult\' occasionalh' met with, in extracting 
these teeth without l^reaking them, is readily accounted for. 

Surgical Pathology. — The relaticjn ol these roots to the cancellated 
tissue of the jaw has a pathological significance. If their pulps become 
diseased and infected, the infectious matter may pass out through the 
comparatively open tissue and liurrow in various directions, setting- 
up an osteomyelitis and affecting the other teeth, e\entually causing 
an abscess, the discharge ot which may pass either through the mental 
foramen or through the ah'colar wall into the mouth, or e\-en through 
the main portion of the U-shaped cortical bone into the neck. The 
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KiG. 3S. — A posterior view of an anterior trans\-erse seclion of the niamlibie made through the 
anterior root of the first molar, shoHing the I'-shapcd cortical bone. 



necrotic [process thus extt-nded may inchKk- in its destructi\"e area 
the ai)ical regions ol se\eral adjacent teeth, causing de\-italization of 
their pulps. It is the habit dl s(.)me practitioners to inject hA'drogen 
peroxitle through ihe diseased leelh into absct'sses of this character 
e\ en bclore an exiernal opening ha^ been btrmed. The decomposition 
of the hydi'ogen jicroxide in contact with the pus, generates gas with 
great lorce, if the gas has not a perfectly free outlet, it will burrow 
through the tissue in \ cUdous directions of the least resistance and 
carry inlection to an\ part of the mandible. The writer has seen cases 
in which the use of ihi:-^ drug, continued after extraction of the teeth 
has resulted in the lijss of a large ])ortion of the jaw (see Fig. 39). 
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Fie,. 39 is from a photograph of three sequestra produced by injecting 
hydrogen peroxide into a diseased mandible, the bone in each of these 
cases regenerated. 

Fig. 40 represents the left side of a lower jaw cut lengthwise nearly 
through its centre, exposing the cancellated tissue, the sockets of the 
teeth, and the cribriform tube or mandiljular canal, with its branches 
to the alveoli. As the tissue is very frail, a considerable quantity of 
the tral)ecul£e was lost in the cutting. The outer section shows the 
direction of the recurrent tube for the accommodation of the mental 
ner\-e and vessels. 

Figs. 41 and 42 represent two sides of a metal cast showing the can- 
cellated structure within the U-shaped portion of the bone. It was made 
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Fig. o'). — Sequestra from a mandible pro(luce<l by the use of hydrogen peroxide. 



in the following manner, from a perfect and thoroughly- cleaned jaw with 
all the teeth extracted. After covering the openings of the sockets 
of the teeth with paper, the end of a slender tube about eighteen inches 
long was inserted in the mandibular foramen. The bone and tube were 
then invested in plaster of Paris mixed with a little asbestos. After 
the investment was thoroughly set and dried, it was heated to about 
212° F., and a metal of low fusibility was poured into the tube. This 
metal passed into the criliriform tul)e and along its course, finding 
its wa\' out through the many openings into the cancellated tissue and 
into the sockets of the removed teeth. After the plaster investment 
was removed, the body of the bone and the lower portion of the ramus 
were placed in a 10 ix-r cent, solution of hydrochloric acid, which 
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dissolved the lime salts a\va>', excej^t where ]5articles of the cancellated 
tissue are seen as white spots appearing through the metal. A trans- 
verse section of this preparation would show fine threads (jf bony 
tissue through the body of metal. 

Fig. 41 shows the inner surface, in which the cast of the canal or 
tul)e may be seen also the space occupied by the red marrow of the 




tio. 40. — Loni;itU(linal (li\"isinn nl a Dianiliblc, exposing the canrcllatcil tissues iyi tlie body of the 

jaw anil lielwcen the socl-;ets ol tlie teeth. 



Ijone, the ner\es, ljlood\'essels, and their meml.iranes. in Fig. 42, 
which pictures the outer surface, the cU'Use s])ot nvM' the l)order beneath 
the second premolar indicates where the ner\es and N'essels passed out 
cjI the menial loramen. 

Fig. 43 is h-um a horizontal section of the u])per and lower jaws, a 
little l:)ey(jnd the Iree margins (jf the aUeolar processes. It shows the 
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Fig. 41 




Fig. 42 

Figs. 41 and 42. — Two views of the side.s of a metal cast of the open spaces in the body of tlie 

mandible. 
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shape and position of the \'arious roots on that plane, and their rela- 
tion to the process and to one another. The conditions here shown 
are so common as to warrant their classification as the normal t\'pe. 
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incisor incisor Canine 



First iiremrilar 
Second premolar 




Second premolar 

First premolar 



l-IG. 4.3. Moi-izoiU.il seel ii, 11^ ,,[ the in.i\illa and iiLindiMe cut a little Ix-Nonil the free margin of 
the alveohir process, showing the fornis and |iosi(ions rjf the roots of the \-,irioiis teeth. 

Particnlar attention is drawn to the sli-ht distance l)et\veen the roots 
and the plates of the aKeolar [jrocess. It wonld be manifesth' impos- 
sible in the o|)eration of extraction, to force the beaks of forceps between 
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the roots and the alveolar process in such cases without brealcing the 
latter on one or both sides. The not infrequent splitting off of a section 
of the alveolar process in extraction is thus readily accounted for. The 
lines in the cut represent the strongest axes in the teeth, those along 
which the greatest force is exerted in extracting operations, and which 
are usually at the same time the lines of least resistance of the sur- 
rounding tissues. 
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Fig. 44.- 



Root of canine Root of left second incisor 

-Horizontal section of the nianciiljle cut in the region of the points of the roots of the teeth. 



The roots of the teeth extend to various depths in the lower jaw, as 
is seen in Fig. 44, which represents a section cut horizontally, from the 
same subject as Fig. 43, though nearer to the ends of the roots. The 
ends of the roots of the second and third molars are plainly seen, also 
the tip of one of the roots of the first molar, and the roots of the first 
and second premolars. A little of the second incisors will be noticed, 
but the roots of the first incisors do not extend down so far. The can- 
cellated portion, with the soft tissue filling the spaces, is well shown 
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in tlu' iMjsR'rior portion of this i)ictnrc. The ner\'e is seen passing into 
its tnl)e. 

If all mandibles with their teeth were like those just described, 
sur2,er\' of the lower jaw would be comijaratixely simple. In fact, 
there would l)e little to do except in cases of traumatism; liut unf(;r- 
tunatelv this is not the case, as will f)e demonstrated. 

INFLAMMATORY CHANGES. 

Inflammation within the lower jaw caused by diseased teeth, or by 
constitutional disturl)ances, ma>' com])letely change the character ot 
both the cancellated and cortical j^ortions, Ija' stimulating the Injne- 
IniiUHng cells of these tissues t(,i undue actix'ity. lender such circum- 
stances, the cancellated tissue ma\' be filled up or converted into a 
substance so nearly resembling the cortical fione that the line of demar- 
cation is obliterated; while the cortical porti(jn may be solidified — 
made more dense, i\(jry-lik(, — and thickened, i)resenting ccjuditions 
which \ery much ccjmplicate the situation and make the i)erformance 
of operations difficult, and sometimes imi)racticable In" the usual 
methods. 

Fig. 45 is taken Irom a section mack' trans^"ersely thrcjugh the lower 
jaw at the mental loramen ot each sidi'. On the lett side the cortical 
U-shaped pcjrtion and the cancellated tissues arc alxjut normal and in 
condition similar to those in Figs. 31 and 32, while on the right side the 
cortical portion has thickened and becduie dense, and the cancellated 
tissue has l)ecome filled with a (k'posit ol st'condary bone. The only 
apparent reason lor this difference is that all the teeth on the left side 
were in good condition, while on the right side the first molar had ])een 
much diseased, causing the inflanuuation ot that side of the jaw; 
\ascular changes induced acti\it)- ot the lunctions of the osteoblasts, 
which caused the de|)osit ol secondcU'y bone. 

Inflamed conditions in the jaws ot children, occasioned either Ijy 
af)scessed teeth or ])y constitutional disturbances, will cause the deposit 
ol se(~ondary bone within the cancellated tissue, l)inding it to the 
L'-shai)ed cortical portion, in such cases, when tlie time for the erui)- 
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tion of the molars arrives, especially of the second and third, it is 
impossible for the cancellated tissue and the erupting teeth to glide 
forward as shown in Fig. 32. Many cases of impaction of the third 
molar are doubtless due to the existence of such conditions. 

Surgical Pathology. — The normal and pathological anatomy of the 
two sides of the jaw shown in Fig. 45 would recjuire different modes 
of surgical procedure. The teeth on the right side, l.)eing placed in an 
unyielding bone, would fracture in an attempted extraction, and the 
roots would remain in the jaw. The cutting of the bone down to the 




Fig. 45. — Transverse division of a mandible at tlie mental foramina. Tlie left side is in an almost 
normal condition, while on the right side the cortical bone has thickened and become dense, and the 
cancellated tissue has become filled with secondary bone. 

mandibular canal and nerve on the leit side in a case of this character 
would also be quite a difTerent operation from a similar operation on 
the right side. The first would be done with ease, the other with diffi- 
culty, and when the cutting was done it would be difficult to find and 
remove the nerve. Correction of irregularities of the teeth in the 
consolidated area would be almost impossible. 



NECROSIS AND REGENERATION. 

The formation of new bone to repair fractures throughout the human 
body is known to and observed by all surgeons, but the reproduction 
4 
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of large ixjrtions of the mandible has not received the attention it 
deser\'es. 

Before going into the details (jf this reproduction in the mandible 
it might l)e well to speak of the general growth of bone, about which 
there seems to be a difference ot opinion. 

Many of the text-l)ooks on general anatomy and even some of the 
modern works on surgery, teach that the growth of ]:)one depends to 
a great extent on the presence of the j^eriosteum. Keen's Surgery,^ 
states, "In the long l)ones the \'italitA' of the l)one depends upon its 
relation to the jieriosteum and marrow. These two structures should 
be respected. In young persons the ])eriosteum will regenerate new 
Ixjne, and this pnjperty otten may be used to the great advantage of 
the patient." 

"The i;)eriosteum is the most active osteogenic agent, but the medulla 
is also \\'ry acti\e — Osteophytes may de^•elop during the healing of a 
tracture. They arc most apt to sjiring from p(jints of tendinous inser- 
tion or trom misplaced ])ieces oi the peri(jsteal tissue. "- 

On the other hand. Dr. Clarence A. McW'illiams, of New York, on 
"The Periosteum in Bone Transmission," says,' "The theory that 
c<jntact with li\-ing bone is necessary for the subseciuent life of grafts 
must be given up. Living l.Kjne-gratts ha\'e life inherent in them- 
seh'es and are capable of permanent growth e\en when transplanted 
into the soft parts — 48 per cent, of my l)one gratts without periosteum 
were successful whether contact with li\ing bone was made or not — 
periosteum transplanted into the soft parts will produce new lione in a 
certain proportion of cases." 

Dr. Alexis C\u'rell and Montrose T. Burrows, of the Rockefeller 
Institute, Xew ^'ork, Ikuc rejiorted in their article " Culti\ation of 
Adult Tissues and Organs (Julside of the Body."' "During the first 
hours ol the tiillixation ol fragments ot bone marrow and Ijone, the 
anat<.)mic elements began to wander away from the tissue. After three or 

' Keen's SiirgcrN , xol. \', p. lil. 

-Park's Sur;t;ery, third eililioii, ]i. ,S76. 

■'Journal of the .Anieiie.in Meihr.il .Association, Jannar\- .?!, l'>14, \t. 351. 

■' lljid., OOol.i.-r l,=i, I'MO, ij, 13,S(I. 
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four days, the little pieces of bone hidden in the marrow become visible, 
because almost all the cells had invaded the plasmatic medium. Around 
the tissue, there were radiating spindle cells and many red blood cor- 
puscles. Leukocytes with active ameboid motion and large cells with 
granular cytoplasm and long pseudopodia had reached the remotest 
part of the medium. A few large spindle cells were seen crawling along 
the edges of the fragments of bone." 

Sir William Macewen of Glasgow, has reported his experiments in 
his most valuable work^ that the growth and repair of bone does not 
depend upon the periosteum. One of his concluding remarks is, "While 
not underestimating the periosteum as a limiting and protecting mem- 
brane of great use in physiological and pathological conditions, there is 
no data to indicate that it can of itself secrete or reproduce bone. It 
has no osteogenic function." 

The process of normal growth of the mandible in length is quite 
different from that of the long bones, as there are no epiphyseal ends 
with the growth-producing intervening cartilage. As before stated, 
the growth of the mandible depends on an interstitial process w^hich 
varies in different portions of the bone at different periods of life. 
This variation is to accommodate the development, growth and erup- 
tion of the teeth into their normal positions. If there be no living 
bone left on either side of that portion lost by pathological condi- 
tions or traumatism, there will be no regeneration of new bone, as 
this process for the repair of fractures and to furnish new bone is 
procured through the working of the osteogenic system in the bone 
remaining. 

In looking up literature of regeneration of the mandible the writer 
finds very little as compared with that written upon the regeneration 
of other bones. The most modern works on surgery with a few excep- 
tions scarcely mention it. 

The following is taken from Park's Surgery, third edition, page 550, 
under the head of phosphorus necrosis: "In aggravated cases, such 
as are rarely if ever seen today since legislation has been brought to 

' The Growth of Bone. 
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l)ear upon the siil.)ie'ct, practically comijlete necrosis of the lower jaw, 
(.'ither cii masse or m jjortions, -was tar from unknown, and the possi- 
bilities of ret^eneration of the l)(Mie was for a hjng time discredited, 
until the late James R. Wo(jd of New York exhibited a specimen, 
both at home and aljroad, which i)roved its possiljility. Since then we 
ha\'e learned that it is possilile for bone thus to ret;enerate, the cause 
of the disturl)ance ha\int; Ijeen rem()\'ed." 

f)ne of the most intert'sting i)aijers upon the subject of regenera- 
tion of the mandible was written by Dr. PercA', of Paris, in 1 791, 
reporting h\e cases ot regeneration of hall or more of the lower jaw 
which had been destroA-ed Ia' caries.' 




h'n,. 46. — Sequestra Ironi tubercular necrosis. 



Cases (jt necrotic c(jnditions ot the mandil)le are ot treC|uent (jccur- 
rence; s(jme are of slight extent onh, caused by intected teeth, which 
bv i)ro])er treatment reco\ered in a short time. There are many others, 
howe\'er, where the whole mandible is more or less inxohx'd, the gums 
and the sott tissues along the lower i)ortion ot the Ijone l)ecome \"ery 
much swollen, the tet-th loosen, and, though at first there ma)' be no 
sign (jf ])us, in a tew da\ s it will exude from aroimd the necks of the 
teeth and may also fjcgin to point in one or more places. Free incisions 
sh(juld be made l)oth in the UKHith and along the under surface of the 
bone, it sometimes l)eing necessary to drill through the cortical portion 
of the bone to oljtain as Iree drainage as ixtssible. ( )n ]3assing a probe, 
denuded bone will be touncl, which (ondition may extend all along the 
outer and under surlaces of the bone tr<im the symphysis menti to the 

' Journal de iMedecine ile Cliiriirgie et ile I'luu-inacie, I-'aris, 1791. 
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ramus and ui)\vard toward the mandibular notch. On opening the 
tissue so that the outer surface of the bone may be examined, the Ijone 
will l)e found U) be somewhat darkened in ccjlor, there being numerous 
small soft spots indicating patches <jf caries, and in many cases the 
periosteum is absent having been lost by suppuration. 




Fig. 47. — ,Y-ray picture of hydrogen peroxifle necrosis. (.Y-ray by Dr. Pancoast.) 

Fig. 46 is made from a necrotic .sequestra and four teeth, which had 
been removed from a tuljercular patient. The bone around the roots 
of the teeth was so fragile that it crumbled in pieces, leaving only a 
little band ot soft c()nnecti\-e tissue holding the teeth together, the 
condyloid and coronoid processes were left in position. On removing 
the sequestra new bone could be felt at the bottom of the space which 
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eventualh' became entirely filled with (osseous tissue. The patient was 
of course edentulous, hut had a new half of a mandible well covered 
with gum tissue and in good union with the other half. There was 
no ankylosis. 




Fig. 48. — A'-ray picture of phosphorus necrosis, showing new bone formation on the lower border 

of mandible. (.\'-ra\- b\- Dr. Pancoast.) 



Fig. 47 is taken from an .v-ra\' picture, showing not only the spots on 
the surface but those in the internal structure of the bone. The body of 
the jaw ai)pears to Ije in an ad\"anced stage of necrosis, pus exuding 
through the tissue into the mouth at several points and through two 
external sinuses. The history of the case ga^•e a diseased premolar tooth 
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which had been treated by hydrogen peroxide, then extracted, but 
the use of the drug was continued in the treatment of the socket and 
injected into the bone. Such cases are constantly occurring from the 




Fig. 49. — .Y-ra>' showing necrotic condition of mandible. (A'-rav by Dr. Pancoast.) 



use of hydrogen peroxide upon diseased jaws. This treatment should 
be dist^ontinued at once and the parts kept thoroughly cleansed by 
saline solutions. 
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Fig'. 48 is made from an .v-ray i)icture ol the necrosed niandiljle of 
a man who worked in a match factory. It shows a diseased condition 
of the entire mandible due to phosphorus necrosis, but at the same time 
a rim (j1 new l)one forming' along its base. 

The following interesting case disclosed on examination com])lete 
pathoUjgical sei)aration of the mandil)le on the left side in the region 
of the mental foramen. The bone and ap])arently the periosteum 
had been lost in the region of the second jjremolar, the bone around 
the lirst jjremolar was in a necrotic condition and the ends of the 
mcUidible on either side ol the necrotic area were f|uite sejiarated. 
Mastication was imp(jssible and s])ecch \'ery much interfered ^\■ith. 
The mandibular nerve had l)een divided, causing coni]jlete numlaiess 
of all that part su])plied by it anterior to the lesion. This numljness 
continued lor oxer a >ear alter successful treatment and regeneration 
(A the b(.)ne. 

It \\iiuld be interesting to know just h<_)\v the reestiiblishmcnt of 
sensation occm's in sut'h cases. It is a sim])le nuitter to understand the 
regeneration ol a nerA'e A\']iere it d(jes not pass through a long Ixmi}' 
canal as in the mandible. \A'hen the body of the niandible or any 
lJorti(jn ot it inxohing the canal has been lost by necrosis it is a cpies- 
tion whether regeneration of the bone is accompanied by reformation 
<jt the canal and ner\"e, there seeiiis to lie n(j aitirmatixe exidence of 
this on record. In the o].:)inion of the author, reestablishment ot sen- 
sation in parts normally suj^iplied by the mental ner\'e is due to trans- 
tcrence ot this ImK.tion to branches ot the cer\'iccd plexis, and other 
l)ranches of the fifth ner\'e, and not to regeneration of the mandiliular 
ner\ e in the boch' of the bone. 

Figs. 49, 50, 51 and 52 are made fr(MTi ,v-ra>' i)ictures of a patient 
ot Dr. R. Haniil D. Swing's. The patient, a l:)oy, aged se\en years, 
had a badly swollen face with pus discliarging in the mouth and 
through a sinus in the neck. In October, 1912, an .v-raA' picture 
was made (see Fig. 49) which shows the necrotic condition ot the 
body ol the niandible, with two dex'eloi)ing teeth. It also shows a 
[Xjrtion ot new boni' lorming apparenth' Ironi the old bone. The new 
bone has a process extending backward in the tlirection ot the condyle, 
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although a short portion of the old bone was completely denuded. It 
was thought best to avoid the removal of the dead bone so that it 
might act as a splint to the new bone. 




YiG. 50. — A'-ray showing regeneration of bone. (-Y-ray b>- Dr. Pancoast.) 



Fig. 50 is an x-rs.\ picture taken N^nember 29, 1913, showing two 
thin pieces of lead wire passing around the remains of the original bone 
which is much reduced in thickness. The portion between the rings 
of wire is cpiite denuded, and can be plainly seen within the mouth. 
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Under the dead bone that is surrounded by the wires, the new bone 
may Ije seen to l)e lorming, showing the new angle very plainly. The 
old angle can also be seen. 




Fig. 5r — ,V-ray showing regeneration of bone of right lialf of niandilile. (.Y-ra\- by Dr. I^ancoast.) 



tig. 51 is troni an ,v-ray [picture taken June 6, 1914. It shows a 
turther increase in the size of the new bone and a deterioration of the 
cjld bone. 

A -ray i)i(tures were taken trom time to time to watch the process of 
regeneration. In Februar>-, 1915, the anterior end of the old bone near 
the canine tooth Ix'came loosened, the posterior end being still attached. 
On Ma}' iS, 1915, Dr. Swing remo\ed the necrosed jaw (see Fig. 52). Had 
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this dead bone been removed as soon as diagnosed, the anterior portion 
of the mandible would have mcn'ed backward and to the side, but by 
keeping the old bone in place, in the nature of a splint, it gave time for 
a new half mandible to be regenerated. In all such cases the patient 
must be carefully watched as to general health, the mouth must be 
kept as clean as possible to avtnd general septic troubles. Had there 
been anA' indication of disturbance it would have been necessary to 
remove the dead bone, fortunately the child remained healthy through- 
out the degeneration of the old bone, and practical experience has 
demonstrated that when a patient is in good healthy condition, with 
no constitutional disease, it is possible to await developments despite 
the necrosed condition of the jaw. 




Fig. 52. — Sequestrum from diseased mandible. 

Fig. 52 is a sequestrum taken from diseased mandible, as shown in 
Figs. 49, 50 and 51. 



FRACTURES OF THE MANDIBLE. 

Owing to the exposed position of the mand'ble, fractures may occur 
at the symphisis at the mental foramen, at the angle, at the neck of 
the condyloid process or any intermediate portion of the bone. 

Fractures of the mandible are similar in character to those of the 
other bones, though compound fractures are most common; the dis- 
placement of the parts is caused by the action of the various muscles 
attached to the bone. The displacement is sometimes very marked, 
especially in a double fracture. 
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Fractures associated with the niduth arc \cry apt tc_) become a 
source of infectiou, not onh' to the surrounchnp,^ tissue but to the 
geni'ral system. 

In treatment, teeth and an\' fragments of bone f(;und in connection 
with the break should be rem<jNcd, and e\'ery thing possil^le !x* done 
to a\-oid sepsis. Wiring <jf the teeth or the screwing of metal plates 
across the fracture should lie axoided. 

Cases of sim].:)le fracture with but little displacement, can be treated 
by the use of Barton liandage, reinforced when necessar}' by crinolin 
and ])laster of Pari-. If a liandage ot this character becomes stretched, 
it should ])e cut in lour places, the "slack" ta.ken out and the places 
reuniteil by adhesix e strij^s. 



^^^ 




Fig. 5,S. — .\n intcnlenlal splint on a Iracturnl niandiMe. 



The best s]:)lints are of two characters: First, a swaged metal 
interrlental splint as shown in Fig. 53; second, a swagetl and soldered 
metal maxill:)mandibular splint as shown in .v-ray picture (Fig. 54). 
When splints of this character cU'c pro])erly made and cemented into 
l^lace the bandage can be' discarded. 

I'racture of tlie ni-ck of the condyk' is difhciilt to diagnose. The 
])rincipal symptoms are |)ain in the concbloid region and malocclusion 
of tile teeth, (he molar teeth of the broken side striking t(jgether before 
the others. A'-ray ])!( lures sh(.iuld be made in liotli lateral and antero- 
]5osterior directions. The latter i)ictures should show the hvad oi the 
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condyle carried inward and forward as seen in Figs. 55, 56, 57 and 58. 
In these fractures the continued actions of the temporaHs, the masse- 
ter and pterygoideus internus puh the ramus upward and backward 
until the broken end of the ramus strikes the condyloid fossa, the 




Fig. 54. — A'-ray showing a maxillomandibular splint in position. (A'-ray by Dr. Pancoast.) 

muscular action of the pterygoideus externus carries the head of the 
condyle forward and inward, and it unites by ossification in this 
position. 

The best operation, so far suggested for treatment soon after the 
accident, is to get all teeth in normal occlusion, if possible, and hold 
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them there liy a niaxilloniandilnilar sphnt. By inaction, the muscles 
of mastication ^\'ill relax, \vhich will alkjw the head of the cond;!,le to 
take a fairly normal position. 



II 



/««^?aM * 0|-#/ 





Fig. 55. — A ni.indiblu, sliowiiiu the Iclt conii\ie in an abnormal position. 

If, as is the usual way, the head of the cond}'le is allowed to unite 
in the i:)Osition shown in the illustrations, the best treatment is to have 
a dentist correct the occlusion as tar as possible b\' mechanical means. 




Fic;, 56. — Sliowin;^' a retiniled fracture ol the neck of the condyle in an abnormal position. 

Fig. 55 is taken from a mandible showing' the right condyle in 
normal position, while the k'ft is fairly tA'pical of a fractured neck of 
the condyle. The acti(jn of the pterygoideus cxternus carried the 
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Fig. 57. — Side view of a skull showing fractured neck of the condyle. 




Fig. 5S. — Anterior view of a skull, showing the position of the condyle process after the fracture 

of its neck. 
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head of the condyle forward and inward in which position the osseus 
iniion of tlie parts (xxuired. 

The rehitions between the head of the condAie and the mandibular 
foramen would more than likely interfere with the mandibular nerve 
and vessels. This illustration also shows that there had been another 
fracture extending from between the second incisor and canine teeth 
downward through the body of the bone. 

Fig. 56 is from a similar sjiecimen, sho\\'ing similar condition ot the 
head <j1 the condyle. 

Fig. 57 is a side \ iew ot a skull showing tracture of the neck of the 
conch'le, the head ot the condyle is bent inward and forward until 
it nearly torms a right angle with the ramus. 

Fig. 5(S is an anterior \ iew ot a skull, showing the mandible (Fig. 
55) in position. The right side is normal, the left side shows the con- 
d\'le carried forward and inward until it rests in the si)henomaxilIary 
space. A'-ray pictures ot the li\'ing sul)jects will show similar condi- 
tions. 

NEURALGIA. 

Secondary lione dep<.isit in the cortical and cancellated tissue of 
the face is an im])ortant tat'tor in producing facial neuralgia, as branches 
<if the trigeminal ner\-e pass through not onh' to the bone itself, but 
also to tlie region Ijeyond in \arious directions. In the left side of Fig. 
45 the sjjaces are comparatiAcly oi)en, while the right side of the same 
jaw is nearh' solid; nerves passing through this halt would l)e impinged 
ui:)on, and neuralgia, the cause ot which would be difticult to determine, 
would result. In neuralgia trom this cause, the ob\'ious treatment 
would be the burring awa^' ot the greater part ot the abnormally solidi- 
lied bone, using the surgical engine, a much better agent for its removal 
than the ordinary mallet and chisel. 

SECONDARY DEPOSITS. 

The cancellated portion ot tht- mandible usually increases in com- 
])ai;tiK'ss ,as |:)ersons adxance in ye^ars. Al<.)ng with the i)rogressi\'e 
increase in density ot the tissues due to ad\ ancing years, other factors, 
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pathological in character, by which the teeth become diseased, set U]J 
an inflammatory condition which causes secondary deposits. 

Fig. 59 shows several sections from a lower jaw, which was not 
quite normal, there being evidence of past inflammation having changed 
the structure of the bone. Several teeth had been extracted before 
death. In some of the sections only one canal is seen, while in others 
several appear, necessitating close observation to decide into which 
the main nerves and vessels have passed. 
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Fig. 59. — Sections made at different points from a mandible wliicli was not quite normal in its density. 



In the resection or removal of the entire nerve from the bone, a 
surgeon not anticipating this condition might easily clean out a portion 
of a canal without touching the main nerve. This mistake might not 
occur in the dry bone, but in the living, where the parts are vascular, 
the error could easil;>' be made. In section D (Fig. 59) it will be seen 
that the anterior root of the second molar penetrates the true mandib- 
ular nerve canal. In case of abscess of this root, the discharge would 
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flow into the iicnr canal, thence backward or lorward along the nerAC, 
causing great pain Ijy compressicjn. 

Fig. 60 represents a specimen in which the roots of the third mcjlar 
passed out through the inner wall of the lower jaw, at a considerable 
distance below the mylohyoid ridge. A initrescent i)ulp in this tooth 
would have discharged its infective matter at once into the submaxillarA' 
triangle. The writer belie\'es that there are many serious unrecognized 
cases where de\'italized teeth of this character cause infection of the 




Pig. 61). — I'art ol a niamlililc, sihowinL; the n>ots of the thinl ni'ilar tooth passing throiiyh the 
mnrr w.ill into the suhMiiaxillarN" hissa. 



tissues ot the neck, cind e\'en oi the thoracic ca^dty. Therefort', if 
fliseased teeth in this region (l(j not respond to treatment at once, they 
should be extracted, as n(jt only ill health, f)ut death itself ma\' 
occiu" Irom their ])resence. The \\'riter has sei'U large triangular 
swellings just under the jaw, which indicated that there was a focus 
ol disease within the submaxillary triangle, a symptom of an enlarged 
submaxillary ghmd. 1 'pon examination of the teeth a diseased nKjlar 
was found, and alter this t(;oth \\as rem(j\ed the s\\'elling sul.tsided. 
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MANDIBULAR TRIANGLE. 

A marked variation of the lower jaw is found in the relative dis- 
tances between the centres of the two condyles and between these and 
the first incisors. These measurements have been commonly accepted 
as describing an ec[uilateral triangle. The measurements of the jaws 
which have passed through the writer's hands do not bear out this 
hypothesis. In fact, the variations are as great as in any other feature 
of the face. In only one case was an exact equilateral triangle found. 
Some approached that figure, Ijut in the great majority the sides of 
the triangle, taking the distance between the centres of the two con- 
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Figs. 61 and 62. — Two mandibles showing variations in distance between the two condyles and 

from the cond\-ies to the incisor teeth. 



dyles as the base, considerably exceeded the length of the base. In 
rare instances the base exceeded the length of the sides. The varia- 
tions here noted would seem to indicate that while the equilateral 
triangle may be assumed as a general basic j^rinciple in the architecture 
of the lower jaw, the variations are the anatomical facts with which 
we are ])ractically concerned so long as the hypothetical form remains 
unpro\'ed. 

Figs. 6 1 and 62 are made from photographs of two jaws in which 
rather extreme conditions were found. In Fig. 61 the base of the 
triangle is nearly one-third shorter than either of the sides. In Fig. 62 
the base exceeds either side. Between these extremes (and probabh- to 
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some extent l)e\on(l them on either side) every variation in the rela- 
tion ol the sides to the bast' ol the triant;le may l)e found in normal jaws. 
In this description ot the lower jaw or mandible, the intention has 
been te> emphasize the necessity for the siu'geon to promptly recognize 
departures from tlie accepted diagrammatic f(jrm of the normal jaw, 
and the results of i)alhological changes in its structures. The attempt 
has Ix'en to illustrate this necessity by tyi)ical cases which should serve 
to enforce princii)les, rather than enter into details. 

THE MANDIBULAR ARTICULATION. 

The mandiliular articulation is hjrmed liy the conchdcjid process 
of the mandible cUid the anterior ])ortion of the mandibular fossa of 




Fli.. 6.V — Lateral scclion j,ho\vini; the relatiim lietwccn the condyle anil the acotistic meatus 



the tem])oral bone with the articulating disk between. The petro- 
tympanic fissure is imuH'diateh' behind the cond} le with the articular 
tul»erclc in b'onl. 

This articulation brings the mandiljle into close relation with one 
of the most important bones of the cranium — the temporal. This 
bone hjrms a ]Xjrtion ot the Ijase of the brain case, it contains the 
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canal through which the carotid artery passes to suppl)' the greater 
part of the brain and the eye, in the posterior portion is the great 
groove for the hiteral sinus, the nerve of facial expression passes through 
a tortuous canal in the bone, and the organ of the special sense of 
hearing is located in the petrous portion, in close juxtaposition to the 
condyloid process of the mandible. 




Fig. 64. — \'ertical section showing meatus, acoustic tube, middle ear, etc. 

Fig. 63 is made from a specimen, showing the relation between the 
condyloid process of the mandible and the mandibular fossa, the exter- 
nal acoustic meatus and the parotid gland. 

Fig. 64 is a vertical section made through the left ear, giving a 
posterior \'iew of the external acoustic meatus, the tympanic membrane 
and cavit^', the auditory tube, and a section of the condyle. A most 
important point is the relation of the condyle to the temporal bone and 
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its surrounding tissue; the attachment uf the pterygoideus externus 
is well shown. In case of fracture of the neck of the cond>'le, the mus- 
cular fibers would pull the head of the process inward and forward as 
described under the fracture of the neck of the condyle. 

The movements permitted l)^' the mandibular articulation are 
more varied and of a greater number than those of any joint in the 
body. The jaw has the power of extension and retraction, on one or 
both sides, it can be depressed and elevated, moved from side to side, 
and combines all the movements intermediate between these, thus 
allowing the gliding motion necessar^' to mastication. The articular 
disk (interarticular hbrocartilage) probably assists in these varied 
mo\ements and acts as a multiplier of them. 

If the mechanism ot the articulation of the mandible be carefully 
examined it will l)e knmd that the sphenomandibular, temporo- 
mandibular, and st\'lomandibular ligaments act as suspensories to the 
jaw and hav(,' a tendency to fix the angle when it is carried slightly 
downward and lorward, as when the mouth is partially opened. The 
muscular fibers ot the i)terA'goideus internus and the external portion 
of the masseter muscles have the same tendency-. The condyloid pro- 
cess of the mandible acts as the tulcrum or pivotal point of the bone. 
The point, or fulcrum, mainh' through the action of the pterygoideus 
externus, mo^■es forward with its cushion, the articular disk. While 
the jaw is being carried forward the uKaith can be opened slightlv, 
still retaining the tulcrum, or ]:)i^•otal point at the end of the condvle, 
but as the mouth is opened wider, the fulcrum is gradually changed 
from the condyle toward the more central portion of the ramus and 
then toward the angle, probably e\'entually becoming the fulcral 
])(Mnt through the partial fixation ol the ligaments and muscles before 
referred tc^. By the action ot tln' [Pterygoideus externus, the conch'le 
is drawn forward, and the mouth is thrown wide open, with the con- 
dyle under or slightly in achance of the articular tuliercle, as shown 
in radiograms taken when tht' mouth is wide open. It is thus that 
the i:)terygoi(.k'Us (externus liecomes an opener ot the mouth. The reason 
tor the change ol lulcrum, or pi^otal point, ma}' lie found in the con- 
dition which is (obtained in the pharyngeal region. If in opening the 
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mouth wide the head of the condyle acted within the mandibular fossa 
as the only pivotal point, the lower portion of the ramus with the body 
of the bone, the hyoid bone, the base of the tongue, and other asso- 
ciated tissues would be carried backward until the soft tissue coming 
against the ixjstpharyngeal wall would interfere with the functions of 
that region. By the transfer of the point, this interference is avoided. 
In man the mandibular articulation presents the combination of 
an arthrodial and a ginglymus or hinge joint. In the carnivora, this 
joint has no gliding movement as the condyle is a half cylinder working 





Fig. 65. — Side view of a skull of a liydrocherus capybara. 



Fig. 66. — Under \-ie\v of a skull of 
a IK'fJrochcrus cap\ljara. 



in a deep mandibular fossa of corresponding torm, which only allows 
an up and down or hinge movement. In some of the herbivora the 
condyles of the mandible are onh' slightly cc^nvex and the mandibular 
fossa of the temporal bones are but slightly concave. This arrange- 
ment allows great latitude of motion, and the ginglymo-arthrodial 
nature of the joint is somewhat greater than it is in man.^ 

The mandibular articulation of the rodents is quite different. 



For full anatomical description ot this joint see general text-book on anatomy. 
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Fi;^s. 65, 66 and 67 are three views of the HAxlrocherus capybara, 
the hirj^est rodent now h\-ing. 

F'ig. 65 .shows the grinding" teeth in oechision. It will be noticed 
that the lower incisors are considerabh' posterior to the upper. 

Fig. 66. It will be noticed that the mandibular fossa (groo\'e) is 
cjuite long anteroposteriorly, which allows great latitude in carrying 
the lower jaw forward and jjermits the upper and lower incisors to come 
into contact for gnawing purposes while the posterior teeth do not 
occlude. 

The structure (jf these teeth consist oi enamel plates somewhat 
like those of the elephant though the cement substance only binds the 
centres (jf the plates, leaving knite-like edges on the lingual and l:)uccal 
surfaces, and partially on the occluding surface. 






&■'- 
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Fig. 67. — Siile \ iuw of a mandible of a IKdrocherus capybara. 

Fig. 67 gi\es a lateral \"ii'W of the mandible (jf Fig. 65, showing 
that the condyloid |)rocess, the occluding surfaces of the grinding 
teeth and the incisors are nearly in a straight line and that the angle (.>f 
the jaw extends ])ack\\ard be>(in(l the xertical line ot the condyles. 

It the mandibulai' articulation of a ^'ertebrate be sh(n\n to cjne 
familiar with the anat(jnn' and occlusion ol the teeth in relation to 
this joint, he could readih classif>' the animal and gi\"e the character 
of the mandibular articulation also ot the maxillary sinus and the 
alimentary canal. 

At birth the mandibular articulation (jt the ^ ertebrates is ver\' 
similar; Init as lite ad^•ances the similarit\' disappears, conditions 
change in proi)orlion t<j the en\ironment and character of the food. 
In man the mandibular f(.)ssa is ([uite flat at birth, and there is but 
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little change until the child begins to masticate, it then deepens rapidly 
until about puberty. As age advances the articulation again changes 
and the mandibular fossa becomes more flattened like that of child- 
hood. 

Fig. 68 is made from a side view of a human skull at the time of 
birth. The mandible articulates in its fossa, the condyloid process 
is in close juxtaposition to the acoustic process. The fossa is flat and 
shallow, the condyles are short and rounded. Posterior to the fossa, 




Fu;. 68. — Side view of .sl<ull at birth. 



is the acoustic ring upon which the tympanic membrane is suspended, 
and also upon which the greater porti(jn of the wall of the external 
acoustic meatus is built, there is but little change until sometime 
after birth, it will be noticed how slight is the protection over the 
organ of hearing and the articulation. An inflammatory condition 
of this region from any cause, could ])roduce various kinds of mal- 
occlusion of the teeth and serious acoustic troubles. 

Fig. 69 is made from the under surface of a human skull at birth. 
It will be observed that the lower jaw occludes within the upper. 
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TliL' condyloid process is close to the wall of the external acoustic 
meatus. Part ot the tj'mpanic membrane and the auditory ossicles 
have been preserwd, but there is no bony j^rotection to these delicate 
structures at this period, consequentl\' they are (jften injured at the 
time of birth In' the use ot icjrceps. 

Fit^'. 70 is made from a side \'ie\v ot a skull, shcnving a slight forward 
occlusion of the mandibular teeth. It will be noticed that the man- 
dibular articulation is cjuite like that ot the carnixora, the fossa being 




Fig. 69. — \'iu\v of base of skull at l)irth. 



deep and narrow, allowing but little play in the joint. The anterior 
wall (il tlie external acoustic meatus is defecti\'e, its resorption max' 
ha\'e been caused by the ])ressure ot the condyle, or the wall maA' 
nex'er ha\e l)een fdi'med. 

1 here are man\' cases \\here the anterior osseous wall of the ac(.)ustic 
meatus is lacking and where the condyle presses against the mem- 
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branoLis meatus, thus interfering with hearing. Otologists treating 
such cases often request the patient to open the mouth wide, this 
usually draws the condyle forward, giving a clear view to the tympanic 
membrane. 




Fic. 70. — Side view of skull, showing forward occlusion of mandibular teeth. 

From the relation shown in the structure of the mandibular articula- 
tion, it is very evident that in changing the position of this articulation, 
a forward placement of the jaw could be accomplished with less risk 
than a backward placement. 

These pathological points should be taken into consideration when 
applying pressure on the lower jaw for correction of malocclusion. 



CHAPTER IV. 
THE MAXILL.^.. 

The upper jaw, from a sui\u'ical point of view, includes the right 
and left niaxilhe, ]x\rt of the ethmoid and sphenoid bones of the cra- 
nium, and in addition all the other facial bones except the mandible. 
The surgical oj^eration of remoN^ing the right (jr left maxilla does not 
usualh" in\ol\e the rennnal ot the entire bone, for the frontal pnjcess, 
the floor ot the orliit, and the zygomatic surface may be left. In its 
remox'al, ]iowe\'er, the inlerior concha, portions of the lacrimal, the 
palatal, the zygoma, and the ethmoid bones will probabh' be removed 
with it. Esi)ecially is this true in the general method of (operating, 
but it the resections are made with the assistance of the surgical engine, 
the greater portion ot the associated bones ma\' lie left undisturbed. 

Architectural Features. — Tlie maxilhe are situated beneath the walls 
ot the anterior tossje of the brain-case and rather lotjsely attached 
by what ma>' l»e termed buttresses and fixing Iniltresses. In the centre, 
near the nasion, the frontal processes rest hrmly against a buttress 
in the median line, the maxillar>- ]jrocesses of the frontal bone. 
Belo\\' is a flying buttress, the nasal se]:)tum, espt'cialh' that portion 
formed b\' the \'omer, which passes ui)ward and backward trom the 
interarticulating ridge of the maxilhe and palate bones to the buttress- 
like bod>' (A the sphenoid bone, where it is tirmly held or braced in 
])lace by the \aginal i)rocesses. Laterally the upper jaw is supported 
through the z\gomatic Ijones ])y the zygomatic ])rocesses of the frontal 
bone and the flying buttri'sses of the z}'gomatic arches to the temporal 
bone^ at the sides of the skull; posteriorly by the pterygoid process 
ol tile s])henoid, with a ])ortion ot the palate Ijone interposed. 

1 he buttresses, situated and distributed as they are, not only aftord 
sup|)ort against forces acting externalh', l;)ut also dissipate and diftuse 
shocks which would otiu'rwist- be transmitted t(j the cranium. As a 
consequence ol its construction, Ijut little force in a forward direction 
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is necessary to detach the upper jaw from the cranium, though it will 
withstand a blow of great force received from below through the lower 
jaw or from in front, or even from the side. 

Pathological Relations. — The upper jaw gives support to one-half 
of the teeth and like the mandible is subject to defects of development 
and to various pathological changes, chief am.ong which may be men- 
tioned cleft palate congenital or acquired, necrosis, caries, sarcoma, 
odontoma, odontocele, im])acted and supernumerary teeth. It may 
also be affected by aheolar and dento-alveolar abscesses, diseases of 
the mucous-lined sinuses and air spaces, which last may also give rise 
to such symptoms as impaired respiration and the discharge of offen- 
sive matter. Tumors or abscesses of the maxillary sinus often grow- 
to such a size as to elevate the floor of the orbit, depress the roof of the 
mouth, and force outward the walls of the cavity, distorting the con- 
tour ot the face in the region of the canine fossfe. Neuralgia in the 
teeth may loe symptomatic of diseavSe of the bones of the jaw, and 
neuralgia in many regions of the head is traceable to the teeth. 

The under surface of the upper jaw is bounded Ijy the alveolar 
process and the roof of the mouth or the palatal processes, both of 
which are covered by periosteum and mucous membrane (mucoperi- 
osteum). That portion of the mucous membrane over the ah'eolar 
process is thick and dense, and is known as gum tissue; it contains 
liut few mucous glands, while the portion covering the roof of the 
mouth is not so dense, and is well supplied with racemose mucous 
glands. 

The Alveolar Process. — The alveolar process is made up ot two 
plates, an external and an internal, consisting of dense, compact, cor- 
tical bone. The outer plate extends upward and merges, without a 
line of demarkation, into the outer surface of the true maxilla. The 
inner plate extends upward and inward and is continuous with the 
palatal process of the palate bone and maxilla proper. The space 
between the plates is occupied !)}• the sockets of the teeth, the ah^eoli, 
which are surrounded by a very thin cribriform plate of bone (the 
lamina dura^) by cancellated tissue, nerves, vessels, etc. The ah'eolar 

' A. Hopcwcll-Smith, Dental Cosmos, August, 1913, 
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process Ix-lon^s to the teeth and is (k■^-eloped with them for the pur- 
pose of holding them in position. It disappears in various degrees 
after the teeth are lost, sometimes before, more especially- when there 
is pyorrhea alveolaris, and also as an indication of advancing age. 
Should the ah'colar i)rocess l:)e the primary seat of disease, sound teeth 
will loosen and mi\\ fall out. The outer alveolar plate is resorbed after 
the loss of the teeth to a greater extent than the inner one, which is 
of advantage to the tlentist in htting artificial teeth to the gums; con- 
sequenth', in extracting teeth this fact should be rememl)ered, so that 
injury to the internal j^late may be avoided. At the same time, no 
particular harm results from the remo\-al of a small portion of the 
outer ])late, though the loss of any gum tissue should be avoided if 
possible. 

In the ah'colar i^rocess, each tooth has its own indi\idual process; 
as the tO(.)th de\'elo|)s and pushes into its jwsition the j^rocess grows 
around it. The^c processes are bound together by connective tissue, 
which \-ary in number and strength (_)f union in different parts of the 
circumtercnce, l:)ecoming less strong in the upper jaw in the processes 
between the canine and second incisor teeth, while between the two 
first incisors there are no bonds ot union; conseciuenth' when a force 
is applied for the ])ur])ose of spreading the dental arch, the circum- 
ference increases by the stretching of the connective-tissue fibers of 
the alveolar processes, and as the interpremaxillary suture is the 
weakest ]')oint, it naturally oi)ens when sufficient force is used. 

The interi)remaxillary suture must not, howe^•er, lie confused 
with the intermaxillary which does not open (see Fig. 74). 

Sutures of the Roof of the Mouth are seven in number (see Figs. 
71, 72, 73 and 74). 

The median jialatal suture fx'gins at the centre ot the free margin 
of the hard palate or posterior nasal spine, passes lorward between the 
palatal bone, then between the true maxilhe to the incisive foramen, 
then forward lietween the ].)remaxilhe, terminating at the anterior 
nasal spine. It is divided into three sections, nameh', the interpalatal, 
the intermaxillary, and the interpremaxillar>' sutures. There are four 
transverse sutures, two situated between the palatal bone and the 
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Fig. 71. — View of under surface of a skull ol about five and a half years of age, showing the roof of 
the mouth with the deciduous teeth in position and the various sutures. 




Fig. 72. — Anterior view of the same skull as Fig. 71, showing non-union of the two premaxilla; in 

the median line. 



so 
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palatal processes of the maxilUc and two pass outward from the inci- 
si\'e foramen between the maxilUe and premaxillary bones, they also 
pass between the canine teeth and the second incisors. When there is 
a lack of union in the rtrst two portions of the median palatine sutures 
and one passini!, between the canine tooth and the second incisor, there 
is a single comijlete congenital cleft ]ialate. If the two sutures passing 








I' IG. 73.— I'iider nIcu oI a chilli's skull wilh siUiiri-s r.idi.Ll mil; fnini the ineilia suture toward the 

intcrs|i,u-e I 'i-luecn 1 Ik- teeth. 



between (he canine lectli and the second incisors are not united, there 
is a doublu coni]>lele congenital cleft palate. 

Fig. 7,^ is h-om a child's skull, showing more than the usual seven 
sutures, radiating h-oni the median suture out toward the interspaces 
between the teeth. I'rof. i'aul Olbrecht' has also recognized similar 
conditions. 



Trans.ictiiins of the .Aniericau S(;ciet\- of Ort hodoiilists 



fOOS. 
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septum. This is an example of what mii^ht be taken as quite a constant 
anatomical law, that when the mouth, palate, and dental arches are 




Fig. 7(). — .\nK'rol.itcral \ic\v of a typical skull. 

bilateralh' s>'mmctrical, the outer cranial structures exhibit a like 
condition. 
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Fig. 76 is an anterolateral ^■ie\v of a skull giving a good idea of the 
oeclusion of the incisor, canine, and premolar teeth. It also gives a 
good view of the facial bones and those associated with them. The 
inner wall of the orbit is well illustrated. 

Side View of Skulls. — The following illustrations are taken from 
^'arious side \iews ot skulls. 



.BREGMA 



GLABELLA 



ANTERIOR NASAL, 
SPIN E 




pbosthionJ||^;3.,:^M'\XILLA 



G N ATH 10 N 







Fig. 77. — Side \ie\v of typical skull. .Kccordiiig Id the prcsfiit noniL'iiclatiirc the b.uic marked malar 
should be zygoma and that ZNgoma should be z\-gomatic arch. 

Fig. 77 shows a side \iew ot a tyjiical Caucasian skull (see mandible 
in Fig. 2, and l)ase ol skull in Fig. 90) which has Ijeen taken as the foun- 
dation for nearly all studies ol ihc lace. The teeth are in t^ pical 
alignment, sha])e, <ind occlusion. 

Fig. 78 (see jMaudil)lc in Fig. 00, l)ase of skull in Fig. 91 ) is of a dif- 
l(_'rent charact(_'r. It is taken Ironi ihc skull ol one of the West African 
tribes. 1 he skull would \>v classihcd by ue^arly all as prognathous. 
11, ht.)vve\er, this man had li\x'd until all of his Iccth and their ah'eolar 
l)rocesses ha<l Ijeen lost, it is doulitlul il the jaws, esi)ecialh- the lower 
onv, would Ijc considci'ed pr(_)gnath()us. 
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Fig. 78. — Side view of a West African sl<iill 




Fig. 79. — Side \-ie\v of a slcull belonging to a person of mixed races 



<S(i 



THE MAXILL.E 



Fig. 79 (sec Mandihle in Fii:,. 7, base (jf skull in Fig. 92) is made 
trom a ratheT i)ct'uliar specimen. In this instance the two jaws are 
abnormalh- forwcU-d of the t>'|)ical position. The cranial portion in 
itself is not of a prognathous character, although the l)asilar process 
(jf the occipital l)one is longer than in ty])it"al skulls. 

Fig. Xo (set' Mandible in Fig. N, base of skull in Fig. 94) is made 
trom a hea\'>- skull, with unusualh' large, strong jaws and hea\y teeth, 
which are in fairly good occlusion, except that the lelt second incisors 




I'll.. .S().--Si.K- xww ,,\ ,1 liiMNv >kull. (Sec iiian.lililo, Fig-. X; liase i.l skull, l-ig-. 94.' 




are a littU' out ol ])lace. The extraordinary size ot tlu' jaws and teeth 
proiku-es a general apiJcarcUice ol i)rognathism, but the position of the 
teeth and their i)rocesses does not carry out the idea. 

Fig. <Si is a side \iew ol a ( hiiK'se skull, showing general roundness. 
( )n the lelt si(U' there is an impacted lower third molar; in the ujjper 
jaw ol the same side there is no e\ idence that the third molar ever 
dexelopt'd. 

Fig. <S2 is a side \iew ol a skull (see bast' ol skull in l^dg. 96). The 
occlusion ol the six molars and the tw<i premolars, is fairly good, but 
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Fig. 81. — Side view of a (Chinese skull. (See base of skull, Fig. 95.) 




Fig. S2. — Side ^-iew of a skull. (See base of skull, Fig. 06; also niaudible, Fig. 10.) 
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the rest of the teeth are iKjt in proper ahgnment, or (jeclusion, and there 
is an open bite. 

The Base and the Pharyngeal Dome of Nine Skulls. — In these 
stuches the eentre of the anterior border {>[ the foramen magnum (the 
basion) has l)een ehosen as a fixed point from which to make measure- 
ments. 

The first is taken from the cutting edge of the incisor teeth to the 
tree border ot the hard jxdate. 

The second measiu'ement is from the free edge of the hard palate 
to the anterior borck'r ot the foramen magnum. 

The third measurement is from tlie anterior l)order ot the toramen 
magnum to a \ertical fine at the posterior part of the skull at the 
iiuicti(jn ot the sagittal and lambcloid sutures. 

Fourth, the triangle ot the pharyngeal dome is oljtained l)y lines 
drawn from the free edge of the hard ]3alate ((/) to the anterior Ijorder 
ot the toramen m;ignum (h), Ironi the foramen magnum to the highest 
part ot the basilar process of the occipital bone (c) and from that 
p(.)int to the tree border of the hard ixdate [ti), the height of the dome 
Ijeing fr(jm c to d. (See triangles showing height ol pharyngeal dome.) 

B.\SE OF Skulls as iLLUsTKATEn. 
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' The term i^ here ,i]i|ilieil to a sknll ol a mixed |iarentat;e, 

- 1 hi- iui'a^nremenl> ol the prehisiorir skull of a cliff dweller were obCiined through the courtesy 
of .M. Alliol, euiMlor eif the SnutlnvesI em Museum, l,o^ .\ngeles. C.Lliforni.i. 

"See Fig. 317. I 'rdii^lorir ^kull from Colorado Sl.ite M U'.einn, olilained I hrough courtesy of 
Dr. Ketcham. 
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Fig. S3.— Base of skull (90). 
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Fig, 84.— Base of skull I'M). 
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Fig. 85.— Base of skull (92). 




Fig. 86.— Base of skull (93). 
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Fig. 87.- Base of skull (94). 
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Fig. 88.— Base of skull (95). 
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Fig. 89.— Base of skull (96). 
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Fin. 90 is an illustration taken troni the under surface of a t^'pical 
skull. The rt'lation o{ the shape, size and ])osition of the upper jaw 
is in harmony with the rest of the skull, and will be used in com- 
parison with (ither illustrations of the same general character. The 
distance trom the cutting edge oi the incisors to the free border of the 
hard i)alate is 5.S.5 mm.; from the hard [jalate to the Ijasion, 53.5 mm.; 
from the l)asi()n to the \ertical plane of the back ])art of the skull, 93 
mm.; the total length of the skull, 195 mm. 





Flc. 'n. — Under Mew or base of the skull 
as shown in Fitr. 78. 



Fig. 91 is made trom a \'ery prognathous skull (see Fig. 7S); it is 
a great contrast to the one in Fig. go. The distance from the cutting 
edge ot tln' incisor teeth to the Iree margin of the hartl palate is 69 
mm., a diffiMX'Uce of 10.5 nnii. l;t't\\cen this and the tAjjical skull; 
h'om the hard palate to the basion 4S mm., a difference of 5.5 mm.; 
Irom the basion to tlie back point ol the skull, 104 mm., a difference 
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of II mm. The total length of the skull is 221 mm., a difference of 
26 mm. 

Fig. 92 is made from a skull with a prognathous face (see Figs. 
7 and 79). Its measurements are as follows: From the cutting edge 
of the incisor teeth to the free margin of the hard palate, 62 mm.; from 
the hard palate to the foramen magnum, 48 mm.; from the anterior 
border of the foramen magnum to the back of the skull, 95 mm.; total 
length of skull 205 mm. 




Fig. 92. — Under \'ie\v or ba'ie of the skull as Fig. 93. — L'ndcr \-icw or base ot a very short skull 
shown in Fig. 78. as shown in Pigs. 363, 364 and 365. 

Fig. 93 is made from a ver}' short skull. The distance from the 
inciscjr teeth to the free border of the hard palate being 46 mm. ; from 
the hard palate to the foramen magnum, 39 mm.; from the basion to 
the back of the skull, 109 mm.; total 194 mm. The unusual height of 
the pharA'ugeal dome is 22 mm., this measurement indicates the fore- 
shortening of the face; Fig. 96 has a short face also. The most 
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important tVature' of this i)icture is that, on the left side, it shows 
e\'idence of three different ])oints of articulation of the condyloid 
process described under Figs. 363, 364 and 365. 

The prehistoric skull, Figs. 314 and 317, has the highest pharyngeal 
dome, 23 mm., and the shortest skull, 156 nun., that has come under 
the author's notice. 





FKj. ''4. — I nder viuw or li.ise of a \-tT\' heavy 
skull as shown in Fit;s. 8 and Xll. 



Fi(.. 95. — \'ie\N' of the liase of a Cliinese skul 
showing a general roundness of form. 



Fig. 94 is made tr(jm the base of a \'ery heavy skull (see Figs. <S and 
<So) with the following measurements; ivon\ the cutting edge of the 
incisors to the iree border of the hard palate, 64 mm.; from the hard 
palate to ihe foramen magnum, 4S nuu.; from the l)asion to the ^•ertical 
plane (jI the back ot the skull, 100 nuu.; total length o( skull, 212 mm. 

Fig. 95 shows the base ot a Chinese skull; it is short and round, 
measuring trom the cutting edge ol the incisor teeth to the tree margin 
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of the hard, palate 60 mm.; from the hard palate to the foramen 
magnum, 40 mm.; from the basion to the posterior j^art of the skull, 
94 mm.; total length of the base of the skull, 197 mm. 

Fig. 96 is made from the under surface of a skull in which there is 
a slight anterior occlusion and open bite (see Figs. 10 and 82). The 
distance from the cutting edge of the incisor teeth to the free border 
of the hard palate is 54 mm.; from the hard palate to the anterior 




Fig. 96. — Under view of a skull where there are two misijlacetl premolars. 



border of the foramen magnum, 3S mm. ; from the basion to the vertical 
plane of the Ijack of the skull, 105 mm.; total length of the skull, 197 
mm. It is evident that in this skull the principal cause of anterior 
occlusion is the short distance (only 92 mm.) from the cutting edge 
of the incisor teeth to the hard palate and the foramen magnum, 
this is 10 mm. shorter than typical and its pharj-ngcal dome is high. 
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It will be noticed that twu <jt the premolars are out (jf line, caused also 
by the smallness and shortness ot the whole ui3])er jaw. An additional 
cause ot the anterior occlusicm is that the angle of the mandible is 
unusualh' olUuse, measuring I35°- It correction were made by slowly 
l(jrcing the upi)er premolar teeth into jjosition, it shcjuld lengthen the 
arch, which w(juld assist in impnning the i)ositi(M: of the anterior 
teeth. The fault ot the lower jaw is at the angle. 

GENERAL COMPARISONS BETWEEN THE WIDTH OF THE 

UPPER DENTAL ARCH, THE FLOOR OF THE NASAL 

FOSSA, AND THE SIZE OF THE MAXILLARY SINUS. 

There is a general imprt'ssion that a narrow dental or palatal arch 
will be associated with a correspondingly narrow nasal flo(jr, Init 
exaniinati(jn ot a large ninnljer of skulls does not conhrm this premise. 
There are many skulls hax'ing wide i)alatal arches that are accom- 
l)anied by narrow nasal floors, and also many skulls in \\hich the arch 
is narrow \\hile the flo(jr ot the nose is wide. 

Roughly speaking the upjjcr jaw in the region ot the interior meatus 
ot the nose may be di\ided horizontally into toiu' sections — two maxil- 
lary sinuses and two nasal cavities, it the latter are abnormalh' nar- 
row, the sinuses will be comparati\"el\- wide, and vice versa, when 
the sinuses are small or undevelojjed, the nasal ca\'it>' will be wide 
Qwn to the extent ot passing o\'er the ahi'olar [process and the r(jots 
of the tee'th. 

A tew illustrations are shown in which the measiu'ements of the 
ni)per dental arch ha\'e been taken between the outer siu'face (.)f the 
hrsl molar teelh, and the width ot tin- floor of the nose measurtcl at a 
ci^rresponding ]ioint in the same plane (Figs. 97 and 98), are from 
t>|)ical skulls, without an\- marked irregularities. In both of them 
the width ot the floor of the nose is about one-half that of the dental 
arch. 

Fig. 97 is a ^■ertical lrans\erse section of a typical skull, showing 
good symmetrical arrangenu'nt. Idle dental arch nu'asured 58 mm., 
while the -width of the nasal ca\'it\- is about half, (jr 29 mm. In other 
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Fig. 97. — X'crtical transverse section of t)-pical skull. 
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Fig. 98. — Trans\-erse section uf child's head at birth. 
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typical skulls about the same relati\-e measurements may be found, 
/. ('., the width of the arch is about twice that of the floor of the nose. 

Fit;. 98 is made from the skull of a child at birth, showing the same 
relati\'e measurements. 

Fig. 99 shows an arch of 70 mm. in width, while the floor of the 
nose is onh' 26 mm. wide. 

Fig. 100 is made from a skull with a very narrow dental arch and a 
very wide floor of the nose. The dental arch measures 35 mm. The 
floor ot the nose, which should Ije 27.5 mm., is 35 mm. 




Fig. 99. — \\'ide arch, narrow nose. 

Fig. loi is made from a skull with a \ery wide arch and a narrow, 
compressed nose. The measurement (jf the arch is 66 mm. The 
nose should Ije 35 mm., but is onh' 20 mm. It will be noticed that the 
maxillary sinuses art' very large, which as before stated, is usually the 
case where the nose is narrow. 

Fig. 102 is made h'om a skull showing a ^'er^■ narro\\' arch. The 
width acrtjss the outside ot the second premolars is luit 44 mm., while 
the floor ot thi.' nose measiu'es ^s mm. 




Fli.. 1(H). — Shows n.irrow arch amJ wide floor of nose. 



Fig. 103 is fi'<jm a wrtical trans\erse section of a skull iust in tront 
of the first molar teeth, looking lorward. The cU'ch is ot good \\idth, 
though narrow at the top, the measurement o\ er the premolars being 
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Fig. 101. — Shows wide arch and narrow floor of nose and large maxillary sinuses. 




Fig. 102. — Shows very narrow arch and nide nose. 
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,-^,-1 mm. Tlu' floor of ihr nose measures about 20 mm., and ihe- widest 
porti(jn ot the nose is ;\2 mm. There are unu-ually large maxillary 




1m(.. nil, -S!iM«x LiiuiMKilh lari^L- niaxillarx' sinur,cs 



sinuses, with a eorresiiondingly narrow" nasal ea\'ity. Before the 
sinuses were eul, eaeh helil one lluidounee and a ciuarter (about 35 
C.C., or together 70 e.c). At the ])oint ot the section the two antra 




Fii.. 104. -I'lislcrior scrlinii ni.ulo lr(iiii l-iij. 1(1, i 



are biM Uj mm. apart, as lh(_'y xirUialK pass imder the nasal Ccuitw 
In the region ol the hrsl premohu' teeth, the distance between the 
two antra is about i 3 mm. 
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Vvj,. 104 is a p(jsle'ri(jr section from the same s])ecimen as Fig. 103. 

ti^- 105 is an anterior \-ie\v of a ^"ertical transverse section showing 
small maxillary sinuses and the nasal cavity extending outward to the 
external jxjrtion of the maxilLe. 




Fk;. 105. — Shows sni,a]l niaNillar\' sinus. 




Fig. 106. — Shows nasal ca'\'it>' extending 
o\'er the alveolar process. 



Fig. 106 is from a skull in which the nasal cavity extends outward 
o\'er the alveolar process until the ])alatal roots of the first and second 
molars ai)pear in the floor of the nasal cavity. 



CHAPTER V. 
THE MOLTH. 

The mouth commands attention liy its great imjjortance when we 
consider its many functions. I'nder normal conditions it is the gate- 
way' through A\hich all lood enters lor the nourishment of the body. 
It is the seat of the organs ol taste and tine worksho]) wherein are 
carried on the functions of mastication, insalivation, and the prepara- 
ti(jn of food for the digesti\'e apparatus. It is also the ])ortal through 
which more or less ol the air recei\'ed into the lungs passes.^ 

The mouth, or buccal ca^'ity, occupies the space l)etween the 
upper and lower jaws (see Fig. 37). It is dixaded into two jiortions — 
the A'estibule and the mouth pro])er. 

The vestibule (see Fig. 37) is a narnjw, cur\'ed space haxing two 
walls, an outer and inner. The outer wall consists of the lijis and 
cheeks, which are lined In' mucous memljrane containing the labial 
and buccal glands; the duct of the parotid gland has its opening in 
this membrane about opposite the second maxillarA' molar. The inner 
wall is composed ot the teeth, ahecjlar ])rocess, and portion of the 
up]:)er and lower jaws. The bone is coxered by a mucoperiostium con- 
taining small mucous glands; the ui^per portion of the alveolar process 
is co^'ered In' gum tissue. 

The mouth pr(_)|)er can Ije di\'ided int(_) roof, sides, floor, and outlet. 
The roof is c(jmi)ose(l of hard and sott palate; the hard palate has for 
its base three ])airs of Ijones: two premaxillar>y two jjalatal processes 
ol the maxilUe, and the horizontal ])ortions of the palatal bones; the 
uni(ai ot these bones tonus se\en sutures, for descrii)tion of which see 
page 7.S. The solt jxilate is composed ot sexx'ral muscles, see general 
anatoni)' tor descri|)tion. 

' Taken fruiii ^n article' b\- the aullieir in Mii^ser .ind KelK's Tlaml-l lOiilv nf I'ractiral Treatment, 
\c)l. iii, p. 2X0. 
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The hard and soft palates are covered by a continuous mucous 
membrane extending from the vestibule, passing between the teeth, 
to the free edge of the soft palate. The i)ortion covering the bone is 
in close relation to the periosteum, and is called the mucopericjsteum 
of the hard palate. It is a strong fibrous covering and contains a 
large number of palatal mucous glands, the secretion of which aides 
in deglutition. 

The sides of the mouth i)roper are composed of teeth, maxillary 
and mandibular, the gum tissue, the alveolar processes of both jaws, 
and all that portion of the mandible above the attachment of the 
mylohyoideus. The alveolar process and the true bone are co\'ered 
by mucoperiosteum. The floor of the mouth contains the tongue and 
is composed principally of the mylohyoid muscle. The rjutlet of the 
mouth is the oropharyngeal opening, for anatomical description see 
general anatomy. 

Besides the general mucous glands of the lining of the mouth, the 
ducts of the submaxillary and the sublingual glands have their open- 
ing near the frenulum lingufe. 

THE TEETH. 

In studying the anatomy of the teeth, one finds quite as many 
variations occurring, as exist in all of the (jther structures of the body. 
Adami makes the statements that "there is no absolute standard of 
either structure or function in any (jne species," "every individual 
\'aries in every particular from even,- other individual." It was also 
stated by the author in 1901, in the preface to the first edition of this 
book that "there is doubtless a typical or typal form for each bone, but 
it is not often found in nature. If we were to photograph a thousand 
temporal bones for examjile, the composite of the entire number would 
properly be accepted as figuring the typal temporal;" in the same way, 
if photographs could be made of a thousand molars, the composite 
picture should give the type of a molar tooth w^hich could be taken 
as standard in studying that particular tooth; it follows of course that 
this "type" can only be used as a basis for the practical study of the 
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variations as t<i size, shape, eolor of enamel, ete., whith are presented 
\)\ e\ery indixadual. 

The teeth are situated in the mouth at the ((jmmencement of the 
ahmentary canah In man tliey are ecjually di\ided into maxillar\' 
and mandibuhu' teeth. They are ol dermoid origin and commence 
de\'el(>pment in early embryonic lite. The ])rincipal functions are 
cutting, masticating and ])reparing food f(jr (ligesti(jn. They also 
assist in articulate speech. 

Man has two sets of teeth, deciduous and ])ermanent. The decid- 
uous set is conijjosed of twenty teeth of the following formula. 

DECIDL'Dl'S SET. 

, . r Alaxin.ir\- 1 1 , , , J- -,- , , 

Incisors' , ,., - , (. nniiup , Molars, , lotal, 20 

( ALiiiilil.iil.ir 4 2 4 

•ri-iE i>]-:rm.\.\ex4- set. 

, . j AtiMllar\ 4 ,, . 2 ,, , 4 ... ,,.,,, 

hicisors , , , ,., ', , C aniiif> , I reniolars , .Miliar^ 1 (jtal, .^1 

I Alanililjiilar 4 2 4 

The eight incisor teeth are situated in pairs on either side of the 
median line (jf the mouth, the upper ones are in the incisi\'e or inter- 
maxillar\- bone, the lower ones in the mandible, these teeth are known 
as hrst and second maxillary anrl mandil)ulcU' iucis(.)rs respecti\'ely.^ 

The maxillary canine teeth are situated in the anterior jiortion of 
the aKeolar ])rocess of the true UKLxilhe. The mandibular canines are 
next to the' second incisors in tlu' mandible. 

Idle deciduous molars, hrst and second, are ])osterior to t\\v canine 
teeth. The eiglil pi'cmolars, jjermanent set, are situated in ])airs 
anterior to tlu' molars, on either side, both in the maxilUe and manclilile. 

dhe ])(.'rminent molars, hrst, st-cond and third are tlu' last teeth 
on either side in the maxilhe and the mandible ,md Ikh e no deciduous 
teeth prc'cec'dmg them. 

In a genei'al way the anatomy ol a tooth consists of tour i:)arts, 
the ( rown, neck, roots, mm\ pulp. 

' 4 lie wrilcr ] ii't4'.TH llic niMiK-iicl.il ma' usi-jI ]\\- ^(.■nriMl sricntisls ,iin] ia)iiif),iraU\a' ,iiia1omists, 
ami will ^1 ic.ik ol tii"-.l aii'l -.im nnil iiiri^i .r^ r.ilhrr 1 lian "clmiLimI " -mi I "l.ilcral . " "iMiiiiiu " ral her 1 ban 
"rii-.|ii(r' anil " |Ha iiiol,[|-," r, at her than " Wi(;ns|iiil," "aiiterinr" ,in4 " |)oslerii a'" lack's or cusps inslcaJ 
o[ " nicsi.il " .Mill "ili-.(,il." 
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The crown, in normal con(lili(jn, is that porticjn extending' through 
the gum tissue and is the first part of the tooth formed. Its outer 
portion is co\'ered with enamel, the liody under the enamel is eom- 
l)osed ol dentine within which is the pulp chamber, containing the l)od}- 
of the ])uli). 

The neck of the t(joth is the constricted iKjrtion between the crown 
and the root, it is at this point that cementum ol the root joins the 
enamel of the crown. 

The root of the tooth is that portion which is held within the aheolar 
l)rocess by the assistance of membranous tissue. Its outer ptjrtion is 
covered Ijy cementum under which is a continuation ol the dentine (jf 
the crown. The number of roots varies according to the teeth: single 
crown teeth such as incisors and canines usually ha\'e Ijut one root, 
though there are exceptions to this rule, especially in the canines. 
The roots of the <_)ther teeth generalh' folkjw the number of cusps in 
the crown. 

The luilp is that portion of the tooth found within the pulp chamlier 
and the pulp canals. Its shape generalh' at maturity is a miniature 
of the crowai and rcxjts. 

Anatomy of the Permanent Teeth. — Incisors. — Eight in number. 
The f(nn- maxillary incisors are situated in the intermaxillar\' bone, 
two on either side of the median line and are nanied right and left, 
first and second incisors, the)' are so similar that one description will 
answer tor both. 

The crowns are somewhat wedge- or chisel-shaiied, lieing much 
wider at the cutting edge than at the neck and are somewhat thicker 
at the base, slo])ing to a thin, shar])-cutting edge for biting and cutting 
the f(jod, when these teeth are first erupted the edges are indented, 
l:)ut they are soon worn smo(jth. 

The labial face of the crown is slighth' con\'ex tnnn the cer\-ical 
niargin to the cutting edge, and alstj in a transverse direction. It 
nsualh' has two \'ery shallow depressions running from the cer\'ical 
margin to the cutting edge of the tooth \\hich di^'i(ies the surface into 
three slight lobes. \Miere the labial surlace joins the nec-k it is semi- 
circular in form. 
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The ciiltiiiu, c'd.^e is not quitL- at a n'l^ht an;<Ie with the longitucHnal 
axes of the tooth. I'he aiUi-rior conirrs are sht;htly ])ointed and the 
eutting edge sl<>])es haekward and slightly uj^ward joining the lateral 
sides of the enjwns in a cur\ed nicumer. This eurve is more marked 
in the second ineisors than in the lirst. 

The i)alatal iare is narrower tlian the lahial, which allows the better 
adaptation ot the teeth to the dental arch. This face is markedly con- 
cax'e, both in length and width; very often there is an increase in size 
near the tii)i)er margin, making a small cusp known as a cingulum; 
loetween this and the cutting edge there is often a small pit which 
makes a ])redisi)0sing cause ui decay, this is more frecjuent in the 
second incisor than in the first. Where the palatine face joins the 
neck ot the tooth it is con\ex in iorni. 

The anterior {])roximal) lace, or that jjortion lacing the incisor of 
the opi)osite side, is triangtilar in shape. The l)ase of which is concave 
and joins the neck ot the tooth, from the labial and ]:)alatine margin 
of this lace the lines ol the wedge slo])e toward each c ,., forming 
a prominent ])oint, this late is c(.)n\ex in Ixjth directions. 

The p(jsterior, lateral face is \ery similar to the anterior face, except 
it is shorter and more convex, terminating in a roundetl corner. 

The cervical margin oi the labial and palatine faces of the crowai is 
con\'ex while the lateral p(jrti(.)n is conca\'e. 

llic first incisor is larger than the second, and is more regular in 
shape. The second incisor is more apt to be abnormal in shape. It 
is occasionally' lacking in the denture, and on the other hand, there 
may occasionally be a third incisor (see Fig. 340). 

The neck ot the incisors is somewhat constricted, showing the 
union ot the cementimi co\ering the ro(_)t, with the enamel co\-ering 
the crown. In a trans\erse secti<jn the neck is rather o\-al in outline 
with tlie labial sin-face a little wider than the palatal. The lateral 
edge slightU' oxerlaps tin- root, which causes a better fitting of the 
tooth in the gums. 

The root of the incisor is long, single and cime-shaped, somewhat 
flattened trans\erseh-. The root (jf the first incisor is larger than that 
of the second. The root of the second is nKjre flattened and is liable 
to be slightly cur\ecl Ixu'kward near the ajjcx. 
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The pulp chamber and its pulp canals generally resemble the tooth 
in miniature, though in some cases a c(jmpressed root may ha\e two 
or more pulp canals passing to the apices of the roots. This is impor- 
tant to know when diseased canals are to be treated. Another im])or- 
tant feature of the pulp chamber of a tooth is that it is comparatively 
large in youth, becoming smaller as age advances. 

Canine Teeth. — Four in numl)er, two maxillar;^' and two mandib- 
ular. The two maxillary canines are situated in the anterior ])ortion of 
the alveolar process of the true maxillary bone, posterior, laterally, to the 
second incisors. The architectural features of the canine, together with 
its hrm (jsseous surrounding make it a very important and powerful 
tooth. Its root is longer and stronger than that (;t an}' other tfjoth. 
Its size and position make it of great importance to the facial expres- 
sion, it assists in producing the canine eminence alsrj the canine fossa 
of the facial bones. Its loss is indicated by depressed lines of the 
face which generally indicate "old age." This tooth is ver^- seldom 
omitted in ilc, development, though it is very often misplaced. It is 
the opinion of the writer that it is the second tooth in frequency of 
impaction. The third mandibular molar being the first. The canine 
is usually erupted after the second incisor and first premolar, and its 
normal position is often encroached upon by these teeth. The crown 
of the canine tooth has four irregular, flattened faces. 

The labial face is spear-shaped with base joining the neck of the 
tooth in a convex form. Passing from the base there is a prominent 
ridge extending to the point of the crown which divides the face into 
two uneciual parts, the anterior portion being narrower than the ]30s- 
terior; on each side of the ridge is a slight depression di\'iding the labial 
surface of the tooth into three lobes, the middle lofje being much the 
largest. 

The palatal face is spear-shaped and is l)eveled from the base to 
the cutting edge. At the centre of the base there is usually a cingulum 
from which a ridge extends to the cutting edge, dividing the face into 
two portions. There are also two lobes or elevations on the outer 
and inner margins of the face, which with the central ridge forms a 
depression on each side. 
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The antL'rior and jx^stcrior laces arc similar to tiiose of the first 
incisor. Where the posterior eclL;e joins the cutting edge there is con- 
siderable enlargement, making the neck a])i)ear narrow. 

The cutting edge ol the cnjwn tapers to a Ijlunt i:)oint which pro- 
jects somewhat helow the other teeth and is divided into two unecjual 
jxn-ts; the anterior, \\-hich is the shorter, occludes with the jjosterior 
surface of the mandil)ular canine; the ])'>sterior p(jrtion occludes with 
the anterior surfa.ce oi the first mandijjular premolar. 

The neck, in trans\erse section, is a flattened o^'aI, the cur\'atiu'e 
on the lal)ial surface lieing larger than on the lingual. 

The root, which is longer and stronger than those ot the other teeth 
is a flattened cone, with a slight cur\'e pointing Ijackward. 

The pulj) and its canals generally resemble the tO(jth in miniature. 

Premoi.ar Teeth. — The jiremolar teeth are eight in number, four 
in the maxilke and tour in the mandible. 

The maxillar\- premolars (upi)er l.>icuspids) are j^osterior to the 
canine teeth and are seldom omitted in their development, occasionally, 
howe\'er, while the deciduous molar ma\' develop normally, the pre- 
moku' that should tollow it, will not be present (see Fig. 328J. There 
are sexeral cases on record where three ])remo]ars ha\e been formed 
on each side of the maxilla and mandible, and one case has C(jme under 
the writer's obserxation where there are toiu' ])remolars on each side 
of the mandil)le (see Figs. 343 cUid ,344). 

The premolar teetli are sometimes spoken oi as double teeth, but 
their apjjcarance is more like two canines fused together. 

The first maxillary premolar is usually larger than the second. 

The crown is tuboidal and has fne laces, the buccal, palatal, 
anteri(.>r, postei'ior, cUid morsifl. 

The l)uccal lace is \ cry similar to that of the canine tooth. It is 
spear-shaped, with tlu' base joining the net'k of the tooth in a cur^■ecl 
lorm. 

]*assing froiu the base there is a prominent ridge extending to the 
point of the spear-sha])ed cusp which (]i\ ides this lace into tw<.i imec|ual 
parts, the antei'ior portion being the narrowest; on each side of the 
ridge there is a slight depression, making three lobes, the middle lobe 
Ijeing much the largest. 
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The palatal face is ven' similar to the buccal, differing in size, 
Ijeing narrower and shorter. 

The antericjr and jMJSterior faces are generalh* similar, being con\'ex 
on the upper portion of the face and slightly concave near the neck, 
these faces slope inward on passing toward the neck, making the 
crown much narrower at this point, and helping to make an in^•erted 
\^-shaped space between the premolar and the adjoining teeth. 

The morsal face consists of twcj cusps with two connecting ridges, 
antericjr and posterior; between the labial and jjalatal edges of the 
cusps, there is a sulcus somewhat in the form of a letter H. This for- 
mation makes a weak place in the enamel ot the crown, which gi\es a 
predisposing cause of caries. 

The neck is a compressed oval somewhat wider on the buccal face. 

The first premolar usually has two roots. The root of the second 
premolar may be bifurcated, but it is usually single, with two j)ulp 
canals; sometimes there is a bifurcation near the ajjex. 

The pulj) chaml:)er and its pulp canals, under ordinar}- circum- 
stances, is a miniature of the premolar tooth. 

The Second Maxillary Premolar. — The description of the first 
premolar will answer lor the second, except that the second is usually 
smaller, with l)ut one root, but it must be remembered in the treatment 
of this tooth that occasionally it nuu' ha^•e two roots and also that 
the first premolar ma^' have but one root. 

Molar Teeth. — The molar teeth are twehe in number, six in the 
maxilla and six in the mandible. These teeth ha\e n(j predecessors 
as have the other twenty permanent teeth. They are situated on each 
side of both jaws, and with more or less \ariati()n, erui)t at dift'erent 
periods. The first molars alxjut the sixth year, the second Irom the 
t\\-elfth to thirteenth year, and the third fr(jm the sexenteenth to the 
twent\'-third year or even later. The first molar takes its position in 
the p(jsterior portion of the alveolar process; as the jaws develop they 
usualh' make room for the (jther two molars. At times the jaws do 
not seem to grow sufficienth' to allow proper erujjtion to take place; 
in these cases, the third molar is sometimes impacted or misplaced. 
It also occasi(jnally happens that the third molar does not develo]) at 
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all; again, iherL- may lie a rudimentary' tourth molar sometimes called 
a sii])ernunK'rary third molar. 

When these teeth are in typical occlusion, the six mandibular molars 
articulate with the maxillary molars and the posterior half of the 
maxillary second ])remolars. As the\' are situated near the fulcrum 
of the mandibular articulation, and are in close i:)roximity to the attach- 
ment of the powerful muscles ot masticati<jn, they are in position to 
receive the full force of these muscles for crushini: and grinding; the 
food. 

The maxillary molar teeth arc situated in the ah'eolar ]:)rocess 
immediately l)elo\v the maxillary sinus. In the Caucasian race the 
aheolar process is shallow, the roots of the molar teeth are spread 
apart and pass into the outer and inner walls of the sinus (see Figs, t^j 
and 97). The molar teeth in this ])osition are liable to produce patho- 
logical conditions in the sinus. In the lower type of man the ah'eolar 
])rocesses are much deeper, and the molar roots do n(jt enter the walls 
()f the sinus (see Fig. 200). 

The crowns are somewhat culjoidal in shape, with five faces, the 
buccal, i)alatal, anterior, jjosterior, and morsal. 

The buccal face is nearly twice the size of that of the second pre- 
molar, its general a])pearance is that (.)f two fused premolar teeth hav- 
ing the cusps very marked. The anterior fiuccal cusp was called by 
Harrison Allen the "canine cusp." In his "Facial Region" he also 
stated that "Since the cusj^s exist before the roots, the latter nia\- be 
said U> be conformed to the cus])s. So that to e\'ery cusp there is a 
tendency to form a distinct root. It is best, therefore, to stud\- the 
teeth \>y their cusj^s."' Following this ]ilan, the cusjjs indicate the 
general character of the tooth, whether it l)e a single, double or multi- 
cusjjed tooth. 

First Maxillarv AIcm.ar. — As said before, the Iniccal face has 
the appearance ol two premolars fused together. The centre of this 
lace is con\'ex, sloping as it ap])roaches the neck of the tooth. From 
just Ijelow the centre, a i)er])en(licular gnxne commences, dee]:)ening 
as it ])asses toward the mcjrsal edge, thus niaking an anterior and pos- 

' J. I). Lippiiicott Co. Press, p. 111. 
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terior buccal surface of the cusp, the edges of which meet the anterior 
and posterior surfaces in a curved manner. 

The i)ahital face is convex, having' a smah fissure al>out one-third 
from the posterior edge, passing downward to the occluding surface 
of the tooth, which joins the postericjr fissure of the morsal face. 

The anterior and ])(xsterior faces are generally convex in both 
directions, sloping downward to the masticating edge in a rounded 
manner and cur^•ing upward toward the neck of the tooth. 

The morsal face is divided into f(Hir cusps. The anterior buccal, 
or canine cusp, is very much the shape of a canine tooth, hence the 
name; the posterior buccal, or molar cusp, is usually abcjut the same 
size, though not (juite so pointed. The anterior j^alatal, or premolar 
cusp, is very much larger and more rounded than the canine cusp. 
The posterior palatal cusp, the cingule, is small and f(jrms a rather 
prominent corner or pillar to the tooth. Between the three main cusps 
there is an irregular surface; between the two palatal cusps is a deep 
sulcus which forms a predisposing place for caries. 

The neck in transverse section is rhomboidal in shape, with rounded 
corners; the buccal face is wider than the palatal as it forms the base 
for the tw(j roots. The ])alatal face of the neck is more rounded than 
the buccal and forms the base for the large palatal root, which is 
usual h' single. 

The rocjts are three in number, two buccal and one palatal, they 
are usually well separated at their upper ends. The anterior buccal 
root is rather flattened and may ha\-e two pulp canals within it. The 
posterior buccal root is rounded, usually having but one pulp canal. 
The palatal root is larger and rounded, ha^'ing but one ])ulp canal, 
which is usually straight and large as compared with the others, and 
therefore of easy access. 

The second maxillary molar is usualh- similar to the first, 
when dififerences exist, it is in the shape of the crown and the diver- 
gence of the roots. The crown is simiewhat smaller than the first 
molar and is often triangular in outline. The cingulum is generalh- 
much smaller and consequently the ])remolar (anterior i)alatal) cusp 
is larger, which gives a large, smooth surface to the palatal face. The 
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lissure liL'twceii tlu- ciiiL;ulLini and tlie premolar cusps is not so deep, 
and txjnseciLiently not so prone to decay. The anteri(_)r and posterior 
faces differ from each other; the anterior iace is usually more flat 
wliile the ])osterior lace is cpiite o\'al, especially when the third molar 
is small or missinii,', in the latter case it is liable to be quite rounded as 
a " finishing tooth." 

The neck is similar to the neck of the first molar, A-aryins' onh' in 
l^rojxjrtion to the ^'arious shapes of the t-rowns. 

The nx)ts are i:,X'neralh' the same in number th(nigh xaryini; in size, 
they are also ^eneralh' cl(.)se to.gether, due to tlie fact that the pos- 
terior root ol the first moku' is occu]))in;.^ more or less ot the space 
which the anterior root ot the second molar mii^ht have taken. 

The size ot the maxillarA' sinus ma\- influence the position and shape 
(jf the roots of the moku' teeth (see Fi,u. 199). 

Tiu^ THIRD MAXILLARY MOLAR is more ^■aried in its shape than auA' 
of the other ma.xillary teeth; it may Ije large or small, may ha\e a 
small cingulum cus]) with a single root (called a i)eg tooth), or it ma}' 
ha\ e many cusj^s with a corresponding nunfl)er ot r(jots, which may 
Ije straight or cur\ed. 

It the piflp becomes diseased it is nicest difticult to treat, and for 
this reason the maxillary third molar has been classed l)y some as the 
pathological tooth ot the mouth. 

ALvxDiBrLAR TI':eth. — The mandibular teeth are the acti\e organs of 
masticatifjn, in as much as they are fixed in the mandible ^\hich is acted 
u])on b\- the temporalis, masseter, pterxgoideus, externus and internus 
muscles (see Fig. .^CJO). These muscles gix'c the lower jaw p(.)w er of protru- 
sion, I'etrusion, and side-to-side moxement (see Mandibular Articulation, 
page 6N), which in lui'n togt'ther with the depressor muscles cif the 
mandible, enable the teeth lo cut, tear, and grind food. The lower 
anterior teeth come in contact with tlie upper fixed teeth, striking the 
cutting edge, then coming against the under concaw surface of the 
up])er anteri(jr teeth m a genercd motion similar t(.) that of a i.)air of 
shCcU's, pro\i(k'd the upper blade ot the shears were fixed. 

The ])osterior mandibular teeth meet the up|)er posteri(.)r teeth in 
lj(jth grinding and crushing moti(.>ns. 
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The two first right and left incisors are situated on either side ol 
the symphysis. The^' are the smallest teeth in the m(;uth. The first 
maxillary incisors are much wider, as they not (jnly cover the first 
mandibular incisors, but extend over one-half the seccjnd mandilmlar 
incisors, thus "breaking the joint." This breaking (jf the joint is carried 
on between the maxillary and mandibular teeth throughcjut the balance 
of the jaws until the third molars are reached. The thirfl maxillary 
molar occludes only with the third mandibular molar. 

The crown of each first mandil)ular incisor has four faces and a 
cutting edge. 

The labial face is slightly con\-ex in both directions. It is broadest 
at the to]) or cutting edge, which is straight. 

The face becomes narrow toward the cervical portion, which is 
convex. 

The lingual face is slightly convex from side to side and concave 
perpendicularh'. 

The lateral faces are concave and wedge-shaped with the point of 
the wedges at the top or cutting edge and the base at the neck of the 
tooth. 

The neck is small, and in a transverse section, is a slighth' com- 
pressed ox'al. 

The root is not so long as the second incisor root, and is usually 
straight and somewhat flattened with but one i)ulp canal. 

The pulp chamljer and its canal is of the same shape as the tooth, 
(mly \ery much smaller. 

The second mandibular incisors are similar to the first onh' 
somewhat longer and larger. The cutting edge is much wider, and the 
posterior face tapers into the neck of the tooth. The root is (jf the 
same general outline as the first incisor, only larger and longer. 

The mandibular canine, right and left, is similar to the maxillary 
canine, the architectural plan is on the same general lines with the 
strongest point at the neck (see trans\"erse section. Fig. 114). This 
tooth is the least prone to decaA" of all the teeth. 

The crown has four faces. The labial face is convex both horizon- 
talh' and \'erticalh'; it is broader at the cutting edge, ^^'hlch is di\'ided 
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into two portions like a spviw i)oint, the posterior portion being the 
longest; oeeasionalh' there are two slight grooxx-s passing vertically 
from the cutting edge to the base of the crown which is convex. 

The lingual face is in a general waA' conca^'e from the cutting point 
to the neck; there is a slight central riflge cur^'ing to a groo\'e on each 
side ot the to(jth. 

The anterior face (mesial) is broader than the posterior. The pos- 
terior face is wedge-shaped with the liase at the neck. Commencing 
at the cutting edge the face slo]_x-s toward the neck, which is narrow, 
lea^■ing a considerable s|)ace l">et\\een the canine and the first premolar. 

The neck (see Fig. 114) is much larger than that of any of the teeth 
except the molar; it is wider at the labial surface than at the lingual. 

l^he root is the longest of tun- of the lower teeth, sometimes extend- 
ing below the general line of the mandibular tanal (see Fig. 161). 
Occasionally this tooth has two roots and at times in the single root 
there may lie tw(j ])ulp canals. 

AL\xi)[iULAR I^RKMOLARS. — The first mandibular j^remolars are 
situated just jxjsterior to the canines, they are usually smaller than the 
secon.d j^'emolars. The crown (^f each tooth has fi^'e faces; the buccal 
lace is similar to that of the CcUiine and is named b>' Harrison Allen, 
the canine cusp; it has a slight ridge ])assing Irom the sjiear point 
do\\'n to the base, which is coua'cx and there are t^^'0 slight groo\"es 
on each side (A the ridge whiih might be said to di\ade the iace into 
three lobes. 

The lingual face is convex horizontally and nearly straight perpen- 
dicularly, sloping to a narrow, con\ex base. The lateral faces are also 
con\-ex horizontalK', the\- sl(tpe inward toward the centre of the tooth, 
making the neck narrow, with in^x■rted \'-shai)ed spaces between it 
and the canine and ihe second ])remolar. 

The morsal face \ aries in difterent teeth. There are usually two 
marked cusps: the canine cus]) on the buccal side, and the premolar 
<in the lingual side; running Irom the outer and inner taces ot the 
cusps are ridges ol enamel, somewhat ekvated in the centre, forming 
smaller cusps; between these tour cusps are two jiits or sulci which 
make predisposing points iuv caries. 
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The neck is a compressed oval, smaller on the lingnal edge, than on 
the buccal. 

The root, usually single, is long, flattened and comparatively 
straight, but at times, as the number of cusps indicates, the root may 
be composed of two or more divisions. 

The i)ulp chamber, and its canals, in early life, is generally a minia- 
ture of the tooth, the number of pulp canals corresponding to the 
number of cusps. 

The second mandibular jjremolars are situated between the first 
premolars and the first molar teeth. In a general way the description 
of the first premolar will answer for the second except that it is usually 
larger. 

The morsal face of the cnjwn difters somewhat in the arrangements 
ot the cusps, in some cases it might be called tricusped. 

The neck of the tooth is a little larger than that of the first premolar. 

The root is usually single, but occasionally it is flattened and 
divided. In rare cases there are three roots (see Fig. 122). 

The pulp chamber is practically the same except that there may 
be several pulp canals. 

Mandibular Molar Teeth. — The mandibular molar teeth are sit- 
uated in the posterior portion of the body of the mandible immediately 
over the canal which contains the mandibular nerve and vessels; any 
disturbance, pathological or mechanical, in this region, is liable to 
cause serious conditions, such as im])acted teeth, neuralgia, reflex 
nervous disturbances, sometimes only local, but often reaching into 
the general nervous s;^stem. 

These teeth have no predecessors and erupt one after another as 
the body of the bone grows sufirciently to make room for them. \\'hen 
this room is not adequate, the third molar or even the second molar 
is lial:)le to become impacted or misplaced, causing more or less serious 
complications. 

The first mandibular molar is situated posterior to the second pre- 
molar. In correct occlusion, it articulates with the posterior portion 
of the morsal face of the second maxillary premolar and the anterior 
portion of the morsal face of the first maxillary molar. 
8 
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The crown is of an irrc\u,nlar culjoidal form, with a greater width 
antero])()sterioralh- than l)iiccoIinguaIl_\'. It has h\e faces: Ijuccal, 
])ahital, anterior, i)ostcri(;r, and morsal. 

The l)uccal face is usnalh' con\ex in all directi(Mis; it is di\'ided into 
three columns by two rather deep grooNes, the Iniccal and posterior. 
The buccal gnKne occasionalK' passes dcjwn through the face, but 
usualh' terminates midwa>- in a pit, which acts as an inducement for 
decaA', the morsal edge is di\ ided into three points, which help to form 
three buccal cusj^s. 

The lingual face is rounded and smooth. There are seldom any 
hssures on this surface whitdi make it (juite tree from caries. The 
m(»rsal edge terminates in tw(.) ])oints, which assist in forming two 
lingual cusi)s, the hssures between these two elevations is somewhat 
prone to deca\'. 

The anterior and posterior faces are flattened perpendicularly, the 
u]j])er border is con\'ex and as the face passes downward t<nvard the 
neck it becomes flattened. These faces are inclined inward, making 
an in^•erted \'-shaped sjjace between this molar and the premolar, 
also l)etween the first and secontl molar. 

The morsal face is the largest face of m\\ of the teeth and is di\"ided 
into h\e cusps, two Iniccal, tw (^ lingual and a posterior cusp. The 
anterior buccal cusp is \"ery much the shai^e ol the CcUiine crown, and 
is the largest and most prominent cusj). The median buccal cusj) (the 
molar cusp) is usualh' s(.)mewhat smaller than the canine cusp. The 
two inner or lingual cus])s are nccudy the same size. The fifth cusp, 
which is in the ]Hjsterior ])ortion ot the crown, is small and sometimes 
s]Kjken oi as the cingulum ol the tooth. 

The fissiu'es pass in \arious directions and at the confluence or 
sulci, the enamel is not usually perfect which makes the t-rown prone 
to decay at these [joints. 

The neck is scpiare in outline, much depressed on the buccal and 
laljial side, near the place where the root di\'ides. The anterior margin 
ol the neck is slighth' conca\'e, where the root begins to flatten on its 
surface. The posterior margin of the neck is usually c^.)n^•e.\, matching 
the p(jsterior face of the root which seldom bifiu'cates. 
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The roots are two in number, usually well separated near their 
points. The anterior root is c|uite flattened and concave trans\ersely, 
it is more inclined to l^ifurcate than the posterior root; the pulp of the 
bifurcated root separates intcj two divisions, one in each root canal, 
making this njot difficult to treat. 

The mandibular second molar is situated l)etween the first and 
third molar; it articulates with the posterior portico: of the morsal 
face of the first maxillary molar and the anterior portion of the morsal 
face of the second maxillary molar. 

The crown is nearer a cube than the first and third molars, /. c, 
is nearl}' of the same length and l^readth anfl has fi\"e faces: buccal, 
palatal, anterior, posterior, and morsal. 

The buccal face is usually convex in Ijoth directions. On its upj^er 
morsal edge it is divided into two i)ortions, helping to form the anterior, 
canine, and posterior, molar cusps. Sometimes at the base ot this 
division a fissure commences and passes down the centre of this face 
U) a pit, this induces decay of this part. The ui)per half ot this 
face inclines inward, allowing the buccal cusps of the first and second 
maxillary molars to overlap the crown. 

The lingual face is rounded or conxex in all directions. On its 
morsal edge it is divided into two lingual faces, the anterior and pos- 
terior cusps; on its lower margin it is concave near the commencement 
of bifurcation ol the two roots. 

The anterior and posteric^r faces are similar to those of the first 
molar, the anterior being somewhat convex in the upper portion and 
concave in the lower; the posterior face is more con\ex than the 
anterior. 

The morsal face is usually divided into four cusps; occasionally 
there is a cingulum giving it five cusps. At the base or confluence of 
these cusps there are irregular fissures or sulci, the enamel not being 
well formed or joined together at these points makes them prone to 
decay. 

The neck in cross-section is a square in outline with concave depres- 
sions on the sides. 
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Tlu' roots arc two in number, flattened anteriorally and posterior- 
ally with a strong inclination to bifurcate. 

The pul]) chanil)er and ])ulp canal is a miniature of the crown and 
niots; there are usually two pul]) canals in the anterior root and one 
in the posterior, though in many cases there are two. The number 
ot i)ul|) di\asions bein;,; gox^erned by the number of bilurcations of 
the roots. 

The third mandibular molar is usually of the same general char- 
acter as the first or sec(jn(l molar, though like the third maxillary 
molar it is suljject to great \ariations, as to the num])er of cusps, roots, 
and pulp CcUials. 

Idle crown has h\-e laces as in the first molar, and usuallj' the same 
number ot cusps. The jjosterior face differs from that of the first and 
second molar in being mcjre conx'ex or roimded in order to make a 
" finishing tooth." 

The morsal lace is similar to that (jt the In'st molar, though it is 
more liable to \ary from the tyi)ical. 

The neck ol the tooth is about the same as the first molar, subject 
to great x'ariations as to the number of roots and their positions, they 
ma\' be compressed together, spread apart, or cur\cd al>rupth" back- 
ward. 

The roots \ary in number, sometimes there is apparently only one 
root, but a cross-secti(jn will show sex'cral roots compressed together, 
each with its separate [ndp canal; occasionally tw(.) roots are found 
well separated near the neck, allowing an isthmus of bone to pass 
between them, with the roots finalh' uniting farther down (see Figs. 
123 and 124J. This condition makes the tooth very ditficult to 
extract. ( )ccasionally the crown and roots lorm the segment of a 
circle (see Fig. 123). 

The roots ol the third molar sometimes grow down and backward, 
l)assing bexond the mandibular canal (see Fig. 33'S). 

The lollownig mtcresting obser\'ation is gi\en Ij}' Dr. Hermann 
Prinz: 

"Certain anatomical mallormations of the roots of the lower third 
molars ma}', on rare (xcasicjns, be the cause ot xery ].)rotuse hemor- 
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rhage, and other serious damage as a result of their extraction. There 
are, as far as the author knows, five cases on record in which the 
developing tooth inclosed in the body of its roots the contents of the 
mandibular canal — their artery, vein, and nerve (see Figs. 123 and 124). 
The extraction of a tooth possessing such malformations means tearing 
of the vessels and the nerve, causing extreme hemorrhage, excruciating 
pain, and finally permanent insensibility of one-half of the lip. These 
are the symptoms as recorded from cases which occurred in the 
practices of Roese, of Munich, in 1898, and of \"orslundTvjaer, of 
Copenhagen, in 1908." 

Deciduous Teeth. — The twenty deciducnis teeth are much smaller 
than the permanent ones. In infancy they fill the jaws, often over- 
lapping each other, until the last one is in ])lace. As the jaws grow and 
exiiand continuously from their first development, the deciduous teeth, 
by the time the child is five years of age, instead (jf overlajjping are 
often quite separated from each other, as they do n(jt increase in size 
after they are (jnce formed. 

The twelve anterior deciduous teeth are similar in character to the 
permanent ones, though very much smaller. 

The eight deciduous molars are similar to the permanent molars, 
though ver^- much smaller, their roots diverge much more in order 
to gi\'e room for the de\'elopment and growth of the i)remolar teeth. 
In examination of .v-rays (Fig. 120) the relative j^osition of the pre- 
molars to the deciducjus molars is well illustrated. The roots oi the 
deciduous teeth become resorbed and the ])ermanent teeth advance 
into their normal positicjus. The positi(Mi of the premolar should be 
remembered A\'hen extracting a deciduous molar; the forcejDs must 
not be placed too far upon the t(joth as there is danger of displacing 
the premolar. Should the roots of the deciduous tooth break during 
extraction it will do no harm, as they are quickly resorbed. 

Fig. 107 is taken from the skull of a child of al^out six years, show- 
ing all the deciduous teeth in i)osition and the developing permanent 
teeth, except the third mandilnilar molar and the second and third 
maxillary molars, which at this period of life are of very immature 
development. The outer plates of the ah-eolar process and the 



UN 



THE MOUTH 



canct'llatL'd tissue ha\-c 1)ccn renio\-cd, in order that the positions and 
relations of the dental organs at this period of life may be more 
clearly seen. 




I' [G. 107. — Skull of a child, agcl alioul six years, showing liII the (leciduous teeth in position and 

the de\'elo[)ing j)erinanent ones. 



ERUPTION OF TEETH. 

The deciduous teeth usually commence eru])tion, according to C. S. 
Tomes, as toUows: 

Mandibular first incisors, trijm si.\ to nine months. 

Ma.xilla or upper first incisors, from eight to ten nKmths. 

Alandibular second incisors and first molars, from fifteen to twenty- 
one months. 

Cam'nes, from sixteen t(j t\\ent\" months. 

Second molars, from twenty t(j t\vent\-l(jur months. 

V>\ close obserxiUion it will l)e found that the abo\'e table is liable 
to considerable xariation. 
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Accordiny; to Holt:' 

At the age of one year a child should ha\'e six teeth. 

At the age of one and a half years a child should have twelve teeth. 

At the age of two years a child should have sixteen teeth. 

At two and a half years a child should have twenty teeth. 

Various authorities give eru]5tion of the permanent teeth as follows: 

The mandibular teeth precede those of the maxilla h\ short intervals. 

First molars, sixth year. 

First central incisors, seventh year. 

Two second lateral incisors, eighth year. 

First premolars, ninth year. 

Second premolars, tenth A'ear. 

Canines, eleventh to twelfth year. 

Second molars, twelfth to thirteenth \'ear. 

Third molars, seventeenth to twenty-fifth year." 

The deciduous teeth c(jmmence to be shed al^out the age of six, 
beginning usually with the mandibular first incisors, soon followed by 
the first maxillary incisors. The permanent first incisors soon taking 
their places. These teeth will often overlap each other. Then the 
second incisors are shed and the permanent ones fill their ])laces. 
In many children's mouths these teeth do not erupt into their 
ty])ical positions, sometimes from lack of room, but more often 
because the deciduous teeth are either not shed at the proper time, 
or the>' are lost too earl}-, either by decay, accident or injudicious 
extraction. 

The time of shedding the canine teeth is less definite than that of 
the other deciduous teeth. If they can be held in position until the 
premolars have erupted there will be a better sjxice reserved for the 
permanent canines to erupt. 

The deciduous first molars are usually shed the eighth year and 
the second molars at nine years of age. These deciduous molar teeth 
are not replaced by molar teeth, but b\' the premolars. 

1 Gray's Anatoin\', eighteenth e(htion, p. 1125. 

- The foregoing table i.'^ from dray's -Anatomy, eighteenth edition, p. 1125. 
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From about the aj^e ol tne or six years, before any of the deciduous 
teeth are shed, there are more fuhy de\'e!oi3ed teeth and those in pro- 
cess of i^rowth in the mouth than at any other i^eriod of hte, at least 
torty-eiyht teeth are in \arious sta.^es of transition. Tlie roots of the 
deciduous teeth, t\vent>' in numljer, are Ijecoming resorbcd and pre- 
paring to be shed, while the roots of many of the permanent teeth are 
de^■eloping, also the roots and crowns of later permanent teeth are 
growing and changing their ]:)ositions in the jaws. This great acti\'ity 
goes on fnjm chn' to day without any pathological disturbance in nor- 
malK' developed, healthy children, but an^' disturbance which would 
cut off the nourishment or interlere with the circulation ol the jaws 
]iroi)er, as well as oi the teeth, might firing aliout ])athol(;gical condi- 
tions that would not only affect the parts localh' but by reffex acti(jn, 
cause systemic troubles such as chronic migraine, indigestion, disturb- 
ances of the brain centres inducing corea, e])ilei)sy, neurasthenia, and 
other diseases of this character. This matter will be further spoken 
ol mider Imija(-ted Teeth (see])age i66). An abnormal deposit (jt salts 
ol calcium may occiu' in the bone, A\hich may ])re^'ent the teeth Irom 
erupting into their normal positions, or might e\en cause the can- 
cellate<l tissue of the a]\eolar process to become fixed, producing a 
iKua'ow, dental arch, which, in turn, iorces the tongue back into the 
pharynx, carrying the soft i)alate uiiward and plugging the postericjr 
nares, thus interfering with respiration through the nasal passage 
and ])Iocking the ])roj)er drainage ol tlie nasal caA'ity and its accessor}' 
minuses. One has <jnly to look at Figs. 113 and 114 to see the mass 
of tooth organs and to realize the mischief which could be jiroiluced 
\)\' injudicious mechanical interference at this time, as well as by 
pathologiccd disturbances. 

VARIOUS ILLUSTRATIONS OF JAWS AND TEETH. 

Fig. loN. Tho anterior ])ortion of the ba.se of a t^'jiical skull, show- 
ing the l.xmes forming the root ol the mouth, the sutures, and the 
\arious foramina. The occluding surfaces of the sixteen maxillary 
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teeth have an outward inchnation, while the mandibular teeth are 
inclined inward. This allows the outer cusps of the upper teeth to 
"bite" over the outer cusps of the lower teeth (see Fig. iiij. The 
zygomatic arches extend from the z\gonia at the side of the upper jaw 




Fig. 108. — .interior portion of the base of a typical .slcuU. 



to the temporal bone, thus gixing the supp(jrt of a flying buttress to 
the maxilhe. The posterior nares can be seen separated by the vomer, 
which also assists in supporting the upj^er jaw. 

Fig. 109. I'pper portion of the body of a typical mandible, show- 
ing the occluding surfaces of the sixteen mandibular teeth, which are 
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in ;<ii<id alignment; iIk- outer faces oi the buccal cusps have an inward 
in< lination which aUuws the buccal cusps of the maxillar)- teeth to 
occlude ()\'er them. 

Fiu,. 110' L^ixes an anterolateral view of an almost ideal occlusion 
of the i.)ermanent teeth. The illustration shows the relation of the 
bones forming the external structures ol the jaws. The outer surfaces 
of the lateral and auteri<ir walls (;t the maxillary sinus are shcjwn, the 




Fig. 1(19. — Upper p.irt of the liocl\- ot d t\-pical niandiL>le. 

teeth haxing Ijcen denudt'd ot the external plate ot the alveolar process. 
It will l)e seen that in remo\'ing the external plate the maxillary sinus 
has been opened into immediately o\-er the roots of the molars, showing 
how thin, in this case, is the l)one between the roots ot the teeth and 
the external wall of the sinus. It is also wvy thin o\-er the roots of the 
canine and hrst and second [U'emolars. 

Figs. 4,^, 44 and iio demonstrate the arrangement of the cancel- 

' t~ig. IK) is a iliiplK-atioii of I<ig. ,il. 
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lated tissue between the teeth, also Ijetween the teeth and the cortical 
bone, where it acts as an elastic cushion to lessen shock from blows 
upon the mandible or from concussion in mastication. It is this arrange- 
ment which permits the movement of the teeth in various directions 
during eruption or in ccjrrecting irregularities of the teeth. 




Fig. 110. — .Anterolateral \iew of the maxilla and mandible with the e.xternal plates of the alveolar 
process and some of the cancellated tissue removed, e.xposing the roots of the teeth, the cribriform 
tubes, and nKuidibular canal. 



Fig. III. The right side of the lower portion of the face, showing 
the relation of the mandible with the base of the skull. It also shows 
a typical occlusion oi the teeth, each tooth occluding with two other 
teeth, except the third maxillary molar and the first mandibular 
incisor. 
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Hg. 112. A'-ray of the lower j^Kjrtion of the right maxilla and the 
mandible, sho\\-ing the internal structures, such as the cancellated tissue, 
the shapes of the roots, and their relation with surrounding tissue. The 
mandibular canal, the maxillary sinus and a portion of the mastoid 
cells are outlined. The (jcclnsion of the teeth is good. A rudimentary 
maxillary fourth molar is also shown. 




Fig. 113, an .v-ray h'dui a ]i\'ing subject, sh<.)\\'ing maxillary and 
mandibular teeth. The first mandiliular molar has been diseased, 
treated, anfl filled. The anterior vont is flattened and not of easy 
access, consequentb' the canal has not been ]^roi)erly filled, the pos- 
terior root is hirger and neari'r straight, so treatment is not difficult, 
shown by tlie better filled root. The roots ol the second mandibular 
molar art' compressed, ]>robiil)ly owing to lack of room at the time of 
formation, the spact' l>eing small l)etween the first molar and the 
morsal face of the third impacted molar. The third molar is of the 
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usual type of impaction always difficult to extract, its morsal face is 
not only interlocked with the second molar tooth, but its peculiar- 
shaped roots are imbedded under hard, cortical bone. As soon as 
such impaction is discovered, one would be justified in extracting the 
second molar, allowing" the third to remain for future development. 




Fig. 112. — A'-ray of dried skull. (.V-ra\- b\' Dr. Pancoast.) 

The first, second and third maxillary' molars are all abnormal; 
their roots are compressed; the third molar is impacted against the 
posterior portion of the second molar. In this case also the second 
molar should be extracted first as there would be great liability of 
damaging the tissue surrounding the third molar. A portion of the 
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root is alio\'C the Hoor of the maxillary sinus, The second niohir with 
its roni]>i'esse(l roots often gixes serious trouble thnjugh the pulp 
lieconiiu'' diseased. 




Im(.. ir?— ,Y-ra\ <>\ lixiiiy ^iiljjcrt. (,V-iM\- \>\ Dr. I'ancoast.) 

Fii;. 114. Horizontal section made at the neeks (jt fourteen man- 
dibular teeth, showiny, the shaiJe (jf the teeth in crijss-seetion at this 
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point, also the shape and size of the pulp chambers in a matured skull. 
In a younger skull the pulp chamber would be relatively larger. 




Fig. 114. — Horizontal section made at the necl.:s of fourteen niandiliular teeth. 




Fig. 115. — Horizontal section made at the necks of sixteen mandibular teeth. 



Fig. 115. Horizontal section made at the necks of sixteen mandib- 
ular teeth, showing the shape and relation of the teeth at this point. 
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It als(j shows the investing membranes of the teeth and the lining of 
the sockets. The periodontal membrane has various functions, it 
acts as a cushion l.)et\veen the tooth and the bone, and assists in hold- 
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Fig. 116. — .\nteropostcrior section through the maxillary sinus, aKx-olar process and the teeth. 




Fig. 117. — A'-ray picture of the left half ol the lower portion of an upper ja 

(-V-ray b>' Dr. Pancoast.) 
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ing the tooth in the alveohis, giving room f(jr the passage of nutrient 
vessels and nerves. 

Fig. ii6. Anteroposterior section through the maxillar}' sinus, 
alveolar process and the teeth, showing the relation of the teeth to each 




Fig. lis. — A'-ray picture of the right hall of the lower portion ol an upper jaw. 
(A'-ray by Dr. Pancoast.j 
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Fk;. 110. — A'-rav of the right half of the body of the mandible. (-Y-ray by Dr. Pancoast.) 

other and to the maxillar}' sinus, which, in this particular skull, are 
normal though not typical. The shapes of the pulj) cavities are also 
indicated. 

Figs. 117 and n8. Two ,v-ray i)ictures of the right and left hah'es 
of the lower portion of an upper jaw. This skull is nearer t^'pical 
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Fig. 121) 




I'K;. 121 
Fids. 120 ,inil 121. — A'-ray pictures of Ihc Icfl lialfof thi- maxilla and iiiamlililc of a child, about 
ii\-e \'e.irs of ai;e, slKuvint; ten deciduous and t\vcl\-c |)enii.inent teeth; the latter are in the process 
i)f formation. (,Y-rays 1)>- Or. Paiicoast.J 
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than that in Fii;. ii6. The lower outhnes <jf the maxillan' sinuses are 
shoAvn, also the alveolar processes, the ])ulp cavities, and their canals. 
The apparent relations of the roots of the teeth to the maxillary sinuses 
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Fig. 122. — Si.xteen teeth taken from one skull; nearl\- all of the roots ha\'e some ]")eculiarity. 

(Through courtesy of Dr. Ottolengui.) 
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Fig. 123. — A collection of l\vcnt\' abnormal teeth; among them are fnsions., odontomes 

and irregularities, etc. 
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are deceptive to one not familiar with .v-ray pictures. The lower out- 
lines of the sinuses are below the points of the roots of the teeth, which 
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Fig. 124. — A group of nineteen abnormal teeth. 

mis^'ht indicate that the ends of the roots had penetrated the sinus, 
instead of this thej' are in the walls of the sinus (see Fig. 97). The 
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white lines running (Icjwnwanl and forward from the posterior wall 
ot the sinuses are tlie s^rooxes ur canals for the passage (jf the maxillary 
nerxes and \esscls; l)ranrhes may l)e seen going to roots of the ^"arious 
teetli. 

Fig. 1 19. .Y-ray of the right half of the body of the mandible, shoA\-- 
ing the cancellated tissue of the bone, a typical \iew of the teeth, and 
outlines of the \)u\\) chaml)ers and canals. 

Figs. 120 and 121. A'-ray picture of the left half of the maxilla and 
mandil)le of a child, al.xiut Ine >ears of age, showing ten deciduous 
and twehe permanent teeth; the latter are in the process i>[ formation. 

Fig. 122. Sixteen teeth taken from one skull. It will be noticed 
that nearly all ol the roots haw some peculiarity. J, right mandibular 
third molar, lour roots; the anteri(jr and posteri(n' are iFittened \\'ith 
two ai)ical foramen in each root. A buccal root is well shox\n, and 
there is also a small lingual r(jot not shown, making six apical foramina; 
C and D. right in'st and second maxillai'\ iM'eniolars, two roots each; 
E, left maxillarx' third molar, fi\-e rtjots; F. left mandibular second 
molar, the anterior and posterior roots lioth bifurcatcfl ; G, left nian- 
dil:)ular sec(>nd premolar, three roots; //, left mandibular first ]3remolai , 
two roots; A", right maxillar\' s(.'C(jnd premolar, three ro(jts; L, left 
maxillary first ])remolar, two roots; J/, lelt mandibular third molar, 
three roots; O, left mandilnilar second premolar, three roots; P, right 
mandibular first premolar, three roots compressed together. 



THE VASCULAR SUPPLY OF THE TEETH. 

The teeth receixe iheir supply from the internal maxilhu-\" artery, 
which <dso sui)plies all iIk' (.lee|) portions of the face, including i)art 
of the floor of the mouth, the |)alale, the nascd caxities, the maxillary 
sinus, the greater portion ol the ethmoid cells, part ot the pharynx, 
and i)art of the dura mater ol the Ijrain. 

The supph t(j the maxillar\- teeth t'omes trom the internal maxil- 
lary, through the abeolar arlerx'. It passes through the foramen, 
iust along the tuberosit}' of the maxilla into the sinus, passing forward 
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on the outer wall of the sinus and entering the anteri(jr wall where 
it anastomoses freely with the infraorbital and other arteries. During 
its course it gi^'es off Ijranches to the roots of the maxillary teeth, their 
investing niem])rane, the alveolar process, and the muccnis membrane 
of the maxillary sinus. In a general wa}' it accompanies the superior 
ah'colar nerve. 

The first or maxillary di^-ision of the internal maxillary artery 
extends Irom the external carotid to the sphenomandibular ligament, 
and gives off fi\'e branches, which pass into or through osseous fora- 
mina. These branches are the dee]) auricular, anterior tympanic, 
middle and small meningeal, and the inferior alveolar. 

The second or pterygoid dixision extends from the sphenoman- 
dibular ligament to the point at which the arter\' i)asses thnjugh the 
space between the two heads of the pterj'goideus externus (external 
[Pterygoid muscle). This j^ortion has six jjranches which supply the 
masticator^' and Ijuccinator muscle. They are named, according to 
their distriljution, the two dee]) tem])oral, two ]5terygoid, the masse- 
teric, and the buccinatcn'. 

The third or ])terygoi;)alatine di\'ision extends from the inner surface 
of the internal ])terygoid muscle to the termination of the artery in 
the i)terygo]jalatine tossa. It gi\'es off six branches, each ]:)assing into 
or through the osseous foramina. They are lifcewise named according 
to the joarts su])])lie(l f)y them, the aheolar already described, infra- 
orbital, descending palatine, artery of the ]:»terygoid canal, pharyngeal, 
and si_)heno]jalatine. 

The inferior alveolar arter>' arises from the under part of the internal 
maxillary. It ])asses downward and iorward f)etween tlie sjjhenoman- 
dilnilar ligament and the neck oi the mandible to the mandibular 
foramen, through which it jjasses into the caucd, accc^mj^anied b\' 
the alveolar ner\'e, it then terminates anterior to the mental foramen, 
where it sej^arates into t\\(j di^•isions, known as the incis(jr and mental 
liranches. 

The myloh]>-oid branch is gi\-en oft' irom the interior ah'eolar arterv 
immediately before entering the foramen. It descends into the mylo- 
hyoid grocne with the nerve and vessels of the same name, and is 
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distributed to the under surface of the myloh^'oid muscle. The por- 
tion of the alveohir artery within the canal gi\-es off numerous small 
l)ranchcs to supply the teeth and their surroundings. The incisor 
l)ranch is a continuation and passes fcjrward within the cancellated 
structure of the bone to supijly the region of the chin and the anterior 
teeth. 

The mental branch i)asses through the mental foramen, accom- 
l^anied by the nerx'e ot the same name, and su])plies the soft parts in 
the region of the chin. 

In this manner the mandible is richh* supplied with bicjod. 

As the inferior ah'eolar arterA' enters the li(Mie at the mandibular 
t(jramen, it passes downward and forward through the body of the 
bone to the symjjhysis, and anastomoses with the artery from the 
opi.iosite side. At a point near the incisor teeth a great p(jrtion of the 
artery curws upon itself and i)asses out thnjugh the mental foramen, 
anastouKjsing with the submental, interior and sui)eri(n- labial or 
(."oronary branches of the external maxillary or facial artery. In this 
manner two ccjmplete collateral circulations are formed on the two 
sides. The mandible is also well supplied thnjugh the periosteum of 
the l)ody ot true Ijone and the muc~(jperi(jsteinn ot the aheolar pro- 
cess. The vessels from these s(nu'ces pass int<j the bone and have 
free anastomotic relations with the internal supply of blood. 

Fig. 125 is from an ,v-ray picture of the left halt ot a mandiljle of a 
mature dog, which was injected througli the inferior aheolar artery. 
The illustration sho\\s that the mercury' passed through the artery 
lo all portions ot the bone, the ah'eolar ])rocess, and the teeth, and 
demonstrates the comi^lete anastomotic relations which the arteries 
ba\\t U) each other. A stereoscopic picture would sh(jw that branches 
are gi\'en off from thi' artery as it passes along its canal or tube, to 
the roots of the tt'eth and the inler\ening tissue. It pro\es that any 
portion of the artery can l:)e remcn-ed without destroying the vitality 
of an\' tissue of the jaw, provided that the artery lie not destroyed 
between the structures and the nearest jjranch oi the collateral circu- 
lation, and also sh(nvs that in (jrder to destrcn' the \ itality of a tooth 
pulp the blo<.)d supph' would have to be cut (.)ff immediately at the 
apical foramen. 
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It docs not f(jllow that a tooth that docs not "respond" to thermal 
chanti,'es, or even to the electric current, is necessarily a devitalized 
tooth. In operations for neuralgia the surgeon often removes a great 
portion of the mandibular vessels and nerve, or he ma;^' remove the 
semilunar ganglion, but in so doing he does not destroy the vitality' of 
the tissue supplied. He destroys the function of communication with 
the sensorium. When the trigeminal nerve is crippled by resection or 
by the removal of the semilunar ganglion, the wise surgeon protects 




Fig. 125. — From an .Y-ra\' picture of the mandible of a doij. The arteries had been injected with 

mercury. (.Y-ray by Dr. Pancoast.) 

the parts from injury. A tooth under similar conditions should also 
be protected and not subjected to "test." In time it will regain its 
sensation, provided meddlesome surgery has not destroyed the pulp. 

In the application of a spra}' of ethyl chlorid to the gums to produce 
an anesthetic condition for lancing an ab.scess, great care should be 
taken to protect any vital tooth, for there may be danger of pro- 
ducing its devitalization by the sudden and extreme lowering of its 
temperature. 
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F]i;. 127. -PI, in of liranches of internal ninxillarv artcr\'. (Gra\-.) 
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THE SENSORY NERVE SUPPLY OF THE TEETH AND FACE. 

The Trigeminal Nerve. — The sensory nerve supply of the teelh 
and associated parts is c^cnerned bj' the tri!.;eminal (tritacial or fifth 
nerve), which is the largest of ah the cranial nerves. Through its A\ide 
distriljution within the face and head, its close relation to other ner^ es 
and to the plexuses and ganglia of the sym])athetic system (Fig. 128), 
it becomes inx'olved in nearly all the diseases ot the external portion 
ot the head as well as the superficial and deep parts of the face. "The 
intimate relations A\hich the ner\e bears with the pcjints of origin (jf 
the sixth, seventh, eighth, ninth, tenth, eleventh, and twelfth cranial 
nerxes in the lloor ot the toiu'th \'entricle jjossibly explain many of 
those plienomena Avhich are considered as reflex in character, and wh(jse 
starting-point seems to depend ujjon some irritation of the filth ner\'e 
by means of \arious branches" (Ranne\'). it resembles a spinal ner\e, 
in that it arises b\' two roots, anterior and posterior. The posterior 
root is sensory in character, and has a ganglion up(jn it, while the 
anterior root has no ganglion and is motor in character. 

The large, sensor\', or i)osterior root emerges Irom a point in close 
proximity to the centre of the lateral surface of the p(jns \'arolii, but 
nearer its superior than its inferior border. 

The small, UKjtor, or anterior rcxjt is made up ot six ov eight rounded 
filaments (\\di)ian), and emerges trom the pons a little abo\'e the larger 
posterior root, being separated from it by a few trans\erse fibers of 
\\-hite substance. It is entireh' distinct and separate from the larger 
sens(jr\' root until it jiasses cjut ot the cranial ca\"ity through the toramen 
o\'ale, when it f)ecomes closeh' united with the third or mandibular 
di\ ision. 

The deep origin oi these two roots is \\idely separated trom their 
sujierficial origin. Following them liackward from the anterior surface 
of the pons Varolii, they pass directly through the pons to the medulla 
of)longata, with(nit an>' connection whatever with its filjers. On reach- 
ing the medulla they form three main divisions, one anterior and two 
posterior. 
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Tlie (Ulterior or motor division arises from the motor nucleus of 
the trigeminal nerve, which is composed of large, ramified, and pig- 
mented cells situated below the lateral angle of the fourth ventricle, 
anterior to the inferior facial nucleus, and on the proximal side oi the 
large sensory nucleus of this nerve. It also arises from the gray matter 
at the anterior portion of the iter beneath the corpora quadrigemina. 

Tlie tivo posterior or sensory divisions gi\-e general sensibility' to 
the face and head, extending as far back as its vertex. 

From their superficial origin these two divisions extend obliquely 
upward and forward across the summit of the petrous ])ortion of the 
temporal bone, and ]3ass thrtnigh an oval opening in the dura mater 
into the middle fossa of the brain-case. The larger posterior sensory 
root terminates in the semilunar, which is situated in a depression on 
the superior part of the anterior surface near the aj^ex of the petrous 
portion of the temporal bone. This ganglion is broad, flattened, and 
somewhat crescent-shaped. Its convexit}' is directed forward and 
slightly upward. The cells of this ganglion are unipolar in shape. Its 
surlaces are striated, and it receives on its inner side filaments of com- 
munication from the carotid plexus of the sympathetic nervous system. 

From the anterior or concave margin of the ganglion the three large 
di\'isions of the trigeminal ncr\-e commence. It is from this that the 
ner\'c receives its name. 

llie opJitJiolniie, or first division of the trigeminal nerve, is the 
smallest of the three cords, being but about an inch in length. Its 
function is to impart sensation to the eyeball, the lacrimal gland, the 
mucous lining of the e3'e, and a portion of the nose, the eyebrow and 
forehead. It commences from the upj^er, inner, and anterior portion 
of the margin of the semilunar gangli(jn. It is a flattened cord, and 
passes forward along the outer wall of the ca\'ernous sinus, and termi- 
nates before or just as it is al)out to ])ass through the supraorbital 
fissure by dividing into three main branches, the frontal, lacrimal, and 
nasal, which are distributed as their names indicate. 

BroneJies of tlie OplitJmlniie Nerve. — 

Those within the cavernous sinus, Lacrimal, 

Frontal, Nasociliar\'. 
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The froiilal nerve is tlx' largest of the branches gi\en off l)y the 
()])htliahiiic, and is in reahly its axial continuation. It enters the orljit 
thi'on,!j.h th(_' most sn])i_'i'ior portion of the siii)i'aorbital fissm'c, and 
passi-s lorwa.rd in the median line alioA'e the muscles and Ijehnx' the 
periosteimi. it terminates midway between the ajiex and base of the 
orbital ca\aty, alxn'e the U'xator pal])ebra' snperioris, by di\ifling int(j 
two branches of unerpial size, the supratrochlear and the supraorljital. 

The siipniti'dehledr iieri'e is much the smaller ol the two terminal 
Ijranches of the frontal. It extends oblif|ueh' inward anfl forward m-er 
the trochlear nuiscle, ])assinL; out ol the orbit, and curA'ing ar(jund 
the supraorbital arch between the supraorbit<il foramen and the tnx'h- 
lear lossa. It then (.'xtends lieneath the corrugator and frontalis 
muscles, and dixides int<i two tiaaiiinal l)ranches. These branches 
])ierce the orbicularis anij lr(_)ntalis muscles, supph'ing them as well as 
the integument; also the lower cUid median porti(jn ot the torehead, 
interlacing with the corres])onding ner\ e ol the (j])])0site side. This 
nerxe also gixes off two distributing branches, one extending from the 
ner\e near the tr(jt-hlear muscle, which ]^asses downward and joins the 
infratrochlear branch of the nasociliar\- ner\-e, and the other near its 
exit from the orbit, which ])asses to the eyelid and bridge of the nose. 

llw siiprdorhitiil nerve is realh' a c(.)ntinuation of the frontal. It 
passes forward, and emerges from the orl)it through the supraorbital 
notch or hjramen. It then turxx-s ui)ward on the forehead, and dix'ides 
int(j a median and a lateral brcUich, which pierce the muscles and become 
the cutaneous ner\'es. Its branches of distribution are sex'cral small 
cords Avhich descend to the structures of the up])er eyelid, and one 
which ])asses outward under the orbicularis oculi, interlacing with 
the facial ner\e. The muscular brcUH'hes are distributed to the cor- 
rugator, frontalis, and orl)icularis oculi. The cutaneous f)ranches 
are two in numl)er, median and lateral. These extend posteriorh" as 
far as the otciput. The deep or pericranial branches are distrifnited 
to the frontal and jjarietal bones. This nerve also sends a hlament 
which supplies the mucous membrane ot tht' frontal sinus. Occasion- 
ally the dixision of the supraorbital nerx'e takes place within the 
orliit, the larger branch i)assing thr(jugh the supraorbital foramen, 
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while the smaher branch exlends internally around the sui^raorbital 
arch or through the frontal notch, which is occasi(jnari\' i)resent. 

TJic lacrimal nerve is the smallest of the three branches of the 
ophthalmic. It i:)asses alonp, the (juter side of the frontal ner\e into 
the orbit through the anterior foramen lacerum, encased in an indi- 
\adual sheath derived from the dura mater. It passes forward and 
outward near the jjcriosteum of the or])it above the Rectus lateralis 
to the lacrimal fossa of the frontal bone, accompanied by the lacrimal 
artery. It then ])enetrates the external tendo oculi and terminates 
in the u]iper eyelid. 

Branches of Distrihution. — On approaching the lacrimal fossa the 
lacrimal nerA'e sends a communicating cord to the Z3'g(jmaticotemporal 
branch of the maxillar}' ner\'e. This Ijranch (jccasionally passes back- 
ward through a canal in the outer wall of the orbit, its divisions form- 
ing an arch from which branches are distributed to the lacrimal gland 
and the conjunctix'a. Within the lacrimal fossa it sends branches to 
the lacrimal gland and the coniuncti\'a. 

The nasociliary nerve is intermediate in size between the 
other two branches of the ophthalmic nerve. It commences from the 
under surface of the ophthalmic nerve, and passes through the widest 
portion of the foramen lacerum into the orbit between the two heads 
of the Rectus lateralis, accompanied by the fourth nerve. On either 
side of it are the two branches (jf the third nerve. From the foramen 
it passes obliqueh' inward and forward o\'er the optic nerve l_)eIo\v 
the Rectus superior and Oblic]uus superior to the anterior ethmoidal 
foramen on the inner wall of the orbital cavity. It here divides into 
the internal nasal and infratrochlear ner^•es. 

Brajiches of tJie Nasociliary Nerve. — 

Branch to the dura mater. Long ciliary, 

C(_)mmunicating branches to Sphenoethmoidal, 

sympathetic nerve. Internal nasal, 

(langlionic, Infratrochlear. 

The hraiicii to the dura nutter is a small filament which turns back- 
ward and is distributed to the dura mater of the anterior cerebral 
fossa. 
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llic cfliiiiiiiiiiicat!i!(^ hnniclics to the syiupatJictic are a few distinct 
lilanients which comnuinicate with the sympathetic network about the 
oi)hthahnic arter>- (Allen). 

The (^(iiiiilioiiie bntiieJi is quite slender and about half an inch in 
leni;th. It usuall3' commences from the nas(jciliary as it extends 
l)et\\'een the two heads. It passes along the outer side of the optic 
ner\-e, and terminates at the posterior portion of the ciliary ganglion, 
crmstituting its long or sensory ro(jt. 

The Ioii(^ ciliiiry i/erves are two or three in number, and com- 
mence from the nasociliar\' as it extends across the optic nerve. They 
pass along the inner margin oi this nerve, and unite with S(jme of the 
sh(.)rt ciliary ner\es tr(.)m the ciliary ganglion. The>' then i:>ierce the 
sclera ot the eye, i)ass torward between it and the choroid, and are 
distriluited to the tiliary muscles, the cornea, and the iris. 

The spJieiiO'Cthmoiddl (Luschka) ar posterior ethiiioiehil (Krause) 
nerve passes fnjm the nasociliary to the posterior ethmoidal foramen 
(])()steri()r interned orbital canal), and is distrilnited to the mucous 
membrane (jf the si)henoidal sinus and the posterior ethmoidal cells in 
tn-nl (j\ the body nl the sphenoid bone. 

The iiiteniiil nasal or ethmoidal nerve is in the line oi continuation 
of, and generalh' described as, the nasocilicU'y ner\"e. It passes through 
the anterior ethmoidal foramen, situated between the frontal and 
ethmoidal bones, into the brain-case, just external to the cribriform 
l)late. It then extends in a shallow groo\-e along the outer wall of the 
l)late to the cerebronasal slit near the crista galli, ])asses through this 
slit, enters the nasal caxity, and di\ides into tliree Ijranches — the 
internal or sejital branch, the lateral, and the anterior superficial 
branch. 

The internal or septal braneh of the internal nasal nerve passes 
d<j\\ award and forward, and sui)plies the anterior p(.)rtion of the septum 
ol the nose. 

'The lateral hranehes of the intennil nerve usualh' comprise two or 
three filaments which are distributed to the anterior portions of the lat- 
eral walls of the nasal ca\it\-, including the extremities of the middle 
and inferior concha bones. 
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77/r (iiiten'or or siiperjiridl hrdJich passes downward in a hjni^itu- 
dinal ;^ruove or canal on the internal surface of the nasal Ijone until 
it reaches the lateral cartilage of the nose. Here it extends Ijetween 
the Ixjne and the cartilage, runs l)eneath the nasalis, and becomes 
superhcial, terminating in the spine, the wing, and the tip of the nose. 

TI/c iiifrutrofJiIcar nerve is one (jf the terminal branches of the naso- 
ciliary, it being gixen off near the anterior ethmoidal fcjramen. It ]:)asses 
forward along the inferior ])order of the oblicjuus superior, and parallel 
to the supratrochlear ner\'e, and recei^'es a communicating branch 
from it. As it approaches the trochlea it passes to the inner angle 
of the eye and di\'ides into two sets of Ijranches. Those of the superior 
set are distributed to the superficial structures (jf the superi(.)r ej'elid; 
while those ol the inferior set are distrilmted to the sui)erficial structures 
at the root and side of the ncjse, the superficial portion of the inferior eye- 
lid, the caruncle, conilmcti^'a, the lacrimal sac, and the lacrimal duct. 

V(triatio}is. — "The nasociliar\- ner\'e occasi(jnally (freciuently, 
Krause) gi\"es filaments to the superior and internal recti. A branch 
to the levator palpel.)ne superioris has Iteen met with (Fasebeck); 
offshoots from the nerve as it traverses the anterior internal orl)ital 
canal t(j the frontal sinus and ethm(_)idal cells are described Ijy Meckel 
and Langenl>eck." 

Maxillary Nerve. — The maxillary or second di\ ision of the trigenfinal 
nerve is the second in size of its three great divisions. It is composed 
entireh' of sensory fibers, and gi\es sensation to nearly all the struc- 
tures of and around the superior maxillary bone. It commences 
in the centre of the convex or anteri(jr margin of the semilunar ganglion 
b\' a flattened and plexifi)rm band, passes horizontally and directly 
forward, and lea\-es the cranium through the foramen rotundum in 
the great wing of the sphenoid bone. It then enters the pterj-gopala- 
tine fossa, and becomes more rounded and firmer in texture. It passes 
across this fossa surrounded by adi])ose tissue, and enters the infracjrbital 
groo\-e, and recei^-es the name of infraorl^ital nerve. It then passes 
through this canal, and emerges uj^ju the face through the infraorbital 
foramen. The branches of this ner^•e can be divided into four groups, 
according to the locality of their origin. 

10 
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The Zyp^oinafic hntinii is a small ncr\"e which arises from the upper 
porti(^n of the maxillary nerve just alter it emerges from the foramen 
rotundum. it passes forward into the orbital ca^'it^' through the 
pterygopalatine fissure, and inunediateh' (li^'ides into two branches, 
temporal and zygomatic. 

The zygoinaticotcniponil branch passes forward in a groo\X' on the 
outer wall of the orbit until it reaches the temporal canal in the zygo- 
matic b(jne. It passes through this canal into the anterior portion 
ol the Icnujoral tossa, ascends between the Ijone and the temporal 
nuiscle a sli(jrt distant'e, pierces the muscle and its aponeurcjsis about 
an inch abo\ e tlie zygoma, and terminates in filaments which supply 
the cutaneous structures ot the temp(jral region and the side of the 
lorehead. It interlaces with the facial and occasionalh' with the third 
di\ ision ot the fifth ner\'e. That ])ortion (.)f the ner\'e within the orbit 
sen(_ls one or two filaments (.>f comnumication to the lacrimal ner^•c, 
a l)ranch of the oplithalmic di\ision (jt the ti'igX'minal. 

Thr zygoDKiticoJiiciiil iiiiuhjr] hraiicJi at its commencement passes 
througli the loose adipose tissue at the lower angle ot the orbit to the 
zygomatic Ijone, thnnigh which it extends and emerges upon the face 
usualh liy tw<.) branches. It is distriljuted to the cutaneous tissues 
in the region of the cheek, and interlaces with the facial ner\-e. 

Jlic sphciiopaltilii/c hranchcs cU'c usually two in numljer, and are 
given otT from the middle of the lower surtace ol the j^terygomaxillary 
jjortion of the second clixision ol the trigeminal nerve. They pass 
downward to the sphenopalatine or Meckel's ganglion. 

The Superior Alveolar Nerve. — The superior abeolar ner\e branches 
from the maxillar\- in the i)ter\ gopalatal lossa bet(jre it enters the 
infraorbital gnxn'e, and just alter two branches go to the sijheno- 
jxdatal gangli(jn. The ner\'e ]>asses downward along the zygomatic 
surface of the maxilla. A little abo\e the tul)er(.)sit>" its branches 
enter one or more forcunina and pass into the maxillary sinus, ]iart 
of the nerxes su])pl\'ing the walls and nuicous nienif)rane. The main 
])orti(.)n enters a groo\ e in the outer wall and ])asses into a canal 
as it enters the anterior wall ot the sinus. The superior ah'colar 
nerve gives off branches to the three maxillar\' molars, two i^remolars 
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and canine, and with its brandies sui)plies not onl}' tlie maxillary teeth 
but also the alveolar process, the gum tissue, the investing membrane 
of the roots of the teeth and sockets, the mucous membrane and bone 
of the floor of the sinus. The incisor teeth are more than likely supplied 
by the arteries and nerves belonging to the original incisive bud. 
The arteries anastomose with one another no matter what their origin 
l:)e, but the ner^'es do not, though they interlace with each other. 

The Infraorbital Nerve. — After the maxillary ner\'e enters the 
infraorbital groove it passes along the floor of the orbit, and through 
the infraorbital canal terminating at the infraorbital foramen, where 
it divides into three sets of Ijranches. 

The inferior pdlpebral hruiicJi is generalK' made u]:) oi two ner\'es. 
They ascend in a groove or canal, pass through the uj^per jjortion of 
the elevator muscle of the upper lip, and are distributed to the orbic- 
ularis oculi, the skin, the conjunctixa of the lower eyelid, and interlace 
at the outer angle of the orbit with the zygomaticofacial and facial 
nerves. A branch also passes inward and interlaces with the external 
nasal nerve, a division of the ophthalmic. 

The lutsdl or internal brcuiches, two or three in number, are dis- 
tributed to the skin of the nose and the lining membrane of the nostril, 
and interlace with the nasociliar}' nerve. 

Tlie superior labial or descending branches are more numerous 
than the branches of the other sets from the infraorbital ner\-e. The}' 
pass downward beneath the Quadratus labii superioris muscle, and are 
distributed to the upper lip, its skin, mucous (labial) glands, and mucous 
membrane. The}- also extend to the anterior portion of the gums. 

77/c infraorbital plexus of nerves is situated below the <a-l)it, and is 
composed c^f branches from the infracjrbital and facial nerves. 

The Mandibular Nerve. — The mandibular nerve is the largest of 
the three dix'isions of the trigeminal nerve. It differs from the other 
two in the fact that its function is mixed, being both sensory and motor; 
it also i:)r(jbabh- supplies in a measure the special sense of taste. This 
nerve is distributed to the lower jjortion of the face, the mandible, 
and mantlibular teeth, a portion of the tongue, and the muscles of 
mastication. 
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The sensory [uv lari;xT) /joiiinn arises from the inferior lateral and 
anterior |)ai't nf the niarL;,in of the semilunar y'anij,lion. It ])asses down- 
A\ar(l throuL^h the foramen oxale in the sphenoid ])one, acccjmj^janied 
li\- the smaller anteriur or motor root. Immediateh' after its exit from 
this loi'amen the two jjortions unite, their fihers interlcuing, to lorm one 
nerve, the mixed functicjn of the nerAe liein;...^ thus aecounted for. It 
then descends ^■ertically t(.) the i)tery;<oideus externus, and di\'ides 
int(j two sets ot branches, anterior and i)Osterior. 

llie (interior motor t)nineh or trunk ol the maxillary ner\X' is the 
smaller of the' two, and is com])osed almost entirely of motor hla- 
nienls, which are distributed to the muscles ol mastication. It is 
dixaded into lour branches: 

Deep temporal, K.xternal pterygoid, 

Masseteric, liuccinator. 

The ileef? teni/:>oriil l>rinie//es are usually two in number, though 
oe'casionalK" there ai'e three — anterior, middle, and ])osterior. 

77;/' iiiilenor t>riineh belore piei'cing the pterA'goideus extei'iius is 
joined b\" a conuiunn'cat ing filament Irom the bucCid ner\'e. It ascends 
aci'oss the ptei'xgoid ri<lge ol iIil' sphenoid bone, ijasses to the anterior 
portion ol the temporal lossa, and sujjplies thtit part ol the temj)oralis 
situated in this region. 

77/c (lee/) tenihorol hraneh ])asses (jutward alxA'e the pter\'goideus 
externus, then tur\es U])\\ar(l, running close to the tcmi:)oral bone, 
and is distriljuted to the deep and internal portions ol the tem- 
p(jralis. 

7//r posterior leinp(n'(ii lironeli is made up entirely ol motor hla- 
ments. During the hrst ])ortion ol its com'se it is olten associated x\ith 
the masseteric nerxic It passes in a tortuous manner U])waril and out- 
\\ard, then U|)ward through the ])roximal surlace (jt the temporalis; 
it passt's out of this muscle and through its lascia troni a halt to 
three-(|uarters of an inc'h abo\'e the zygoma, cUid then turns upward 
beneath the skin and interlaces with the auriculotemp(jral and facial 
ner\ es. 

77/c nidsseterir nerve is larger than the deep tem|)oral, and arises in 
close proximit\' to it. Occasionalh' these two nerxes arise as a common 
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trunk from the third (li\-i,si(ni of the fifth nerve. It ])asses backward 
and outward between the U])per portion of the zygomatic fossa and tlie 
superior border ot the i)teryg:,'oideus externus, cur\-es slightly do\\"n- 
ward and outward, and ])asses throui^h the mandibular notch in the 
mandibular Ijone. Jt then extends downward l)etween the ramus of 
the bone and the masseter muscle, to A\hich muscle it is mainly dis- 
tril:)uted. Its other branches of distribution are, first, a small com- 
municatinu, filament which interlaces with the dee|) temporal, and 
an articulating branch which passes to the mandibular articu- 
lation. 

lire intcriHtJ pterygoid iicrvc is the shortest branch of the third 
di\ision ol the trigeminal ner^■e. It is gi\en off from its anterior and 
])roximal side on a le\el with the otic ganglion. It passes Ijackward 
l)etween the ganglion and the lingual ner\e, occasionally extending 
through the ganglion t(.) the inner side ol the j^terygoideus internus, to 
A\'hich it is mainh' distributed. Its <jther Ijranches of c(.)mmunication 
are, first, a motor root to the otic ganglion; second, a filament to the 
tenscM' palati; third, a branch to the tensor tympani. 

77/c cxtcrudi pfcryi^oid nerve is not constant in its origin; it seldom 
arises from the main trunk (jf the inferior maxillary, but generally in 
C(_)niunction with the buccal branch or from the internal pter3'g(jid 
ner\'e. It is distriftuted to the pteryg(^ideus externus muscle. 

77/c hiicciuator nerve, though described imder the head of the motor 
l)ranches of the mandibular nerve, is almost entirely t-omp(j.sed of sen- 
sory fibers. It arises from the lateral margin of the main trunk of the 
mandibular ner^•e b\' from one to three bundles, and is usually joined 
at its origin f)y the anterior deep temporal and the external pterygoid 
ner\ es. It passes outward, either lietween the twcj heads (jt the ptery- 
goideus externus or between the two pterygoid muscles; extends down- 
ward to the inner surlace of the coronoid process ot the mandible, 
thence forward between this process and the tuberosit}' oi the maxilla, 
occasionalh' passing between the fillers ol the temporal muscle close 
to its insertion. AIidwa>' between the lol.)e of the ear and the angle 
of the mouth it becomes superficial, and terminates by cli\ iding into 
sujierior and interior branches. 
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Brain'hcs of (listribution are — 

(<;) Two or three externa! pleryi^oids, Axhich are gi\'en off as the ner\'e 
passes through the ])terAgoideiis externus. 

{})) An (interior deep teuiporal hroiirh, \\hich usually joins the deep 
temixjral ner\e. Jt passes ujjWcU'd to the thick portion of the 
tenip(_)raHs. 

((■) A deseeiidiiii^ Ivaiieli, which passes to tlie insertion of the 
temporahs. 

id) Superior terminal hranelies, \\hich su])i)l_\' the up])er ])ortion of 
the buccinator muscle, the skin ot the zygomatic and buccal region. 
These branches interlace with the facial ner\'e near the p^arotid duct. 

(c) Inferior terniinal I>ranelics, a\ hich ])ass forward to the angle of the 
mouth, and are distributed to the skin, the lower portion of the l:)uc- 
cinator muscle and the biu'cal mucous membrane and glands. These 
branches, together with buccal branches of the facial ner\e, form a 
plexus around tin- huaal \v'\n. 

The i)osteri(jr ov sensory branches ol the third di\'isi(jn ot the htth 
nerxx- are- 

Auriculotemijoral, Ahmdiljular. 

Lingual, 

The aiirieiiloleniporal nerve usually arises l)y two roots, of unequal 
size, situated close to the foramen oAcde. At first they ]:>ass l:)ackward 
and outward, one on either side of the middle meningeal arter\'. They 
then unite and form a flattened trunk, which passes back beneath 
the i)ter\ goideus externus in the iiuier side ol the neck oi the condyle. 
It (inwes ar<jund the coufh le in company with the superficial tcm])oral 
arter\ , ])asses ui)W'ard between the ear and the mandibular articula- 
tion, tliiiice o^•er the z>goma and beneath the su])erhtial temporal 
arter\-, lermiiiating in se\eral filaments which are distributed to the 
skin <i\-er the greater i^ortion ol the temporal region, extending to its 
superi(jr extreniit\-. They interlace cUiteriorly with the liicial ner\e. 

Branches of the auriculotemporal ner\e are — 
Conunuiu'( ating, Parotid, 

Articular, Auterior auricular. 

Branches to external acoustic meatus, 
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T/ic coijuiiuiiicutuig brunches are slender filaments which pass 
between the otic ganglion and the third divisi(_)n of the fifth nerve near 
its origin. One (jr tw(j l)ranches A\'hich are given off near the neck of 
the condyle of the lower jaw pass forward beneath the facial nerve, 
unite with it near the posterior border of the masseter muscle, and form 
one of the ];)rincii)al communicating branches between the facial and 
trifacial nerves. 

The artieiihir hrcuwJics are one or two fine filaments which pass to 
the mandibular articulation. 

The brenicJies to tlic cxtenuil (tconstic meatus are two in number, 
superior and inferior. ThcA' i^ass between the bone and the cartilage to 
enter the meatus, and are distributed to the lining of the ear. The 
supericn- branch gi^•es off a filament to the tympanic meml)rane. 

Tlie parotid branches supply the parotid gland. They are frefjuently 
connected with the facial nerve. 

Tlie anterior anricalar brandies are usually two in number. They 
pass between the tragus and helix, and are distributed t(j the concave 
surface of the auricle. 

The Lingual Nerve. — The lingual nerve is second in size, and is 
an important branch ot the third di\'ision of the trigeminal. From its 
origin it passes down on the internal surface oi the pterygoideus ex- 
ternus, anterior and a little to the inner side of the mandibular nerA'e. 
These twcj nerves have been ol)served arising fn^n a c(jmmon trunk and 
bifurcating near the mandif)ular foramen. As the lingual ner\'e reaches 
the lower border of the muscle it cur\es forward between the ])ter)'- 
goideus internus and the ramus oi the lower jaw, and inclines inward 
o\er the superior constrictor ot the pharynx, under the styloglossus 
muscle and abo^'e the deep jiortion ot the submaxillary mucosalivary 
gland. It then extends torward, crosses the sul)maxillarA- duct, ])asses 
l)elow the mucous membrane ot the ah'colar lingual groove, and ter- 
minates at the apex of the t(jngue. 

Brandies of Coininiinication. — Near the origin of the lingual ner\-e a 
communicating l)ranch i^asses over the internal maxillary artery to the 
mandibular ner^'e. There is also a small branch which passes to 
tlie h>'poglossal nerve. This ner\-e also forms a plexus, from Avhicli 
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liraiulies arr distributed to the walls of the internal jugular vein, a 
]H_)y[\itu ol the sinuses and the cancelli ot the uecii)ital Ijone, and inter- 
lace \\\{h liranches which pass thr(.)Ugh the anterior conchdoid foramen. 
The thorda timpani branch, which is a small ner^■e, arises irom the 
lacial, and desicnds Irom the pniximal extremity ol the ])etrotymp'anic 
suture to tlu' acute angle of the lingual ner\"e as it ])asses tor\\'ard close 
to the lower border of the pterAgoideus externus. At hrst there is 
onl\' mechanical union between these tw(j ner\es, but subser|uenth' they 
are intimati'ly associated. BrcUiches jjass direcdly t(j the sul.imaxillary 
ganglion wdierc it is in close relation with the submaxillary miicosali- 
A'ary gland, .\nterior to the last branch, one or tA\'o commimicating 
hlaments descend oxer tlu' hrst i)ortion of the hyj^oglossal muscle to 
interlace with hlaments from the h> poglossal ner\'e. 

The branches ot distribution of the lingual ner\e are — 

A siihill hruiirli tn the l>ithtto'^lossiil fold (anterior i)alatine arch) and 
the tonsils. 

A sii/i/iii^iiiil lirniirli, which is distrilnited to the mucous memljrane 
()l the floor of the mouth, the gum tissue on the inner smdace of the 
mandible, cUid the sublingual muc(jus gland. 

Tlic Ini'jjial or Icniiiiutl liroiirlics, which ]")ass upward Ijct'ween the 
libers ot the tongue, di\ idi' into hner hhmients, whic'h are distributed 
to the mucous membrane of the anterior two-thirds ot the tongue and 
terminati.' in the conical and lungilorm |:iapilke. 

A frcj Jli'xifonn hlaments, which pass beneath the tongue, some 
terminating on the under smdace ol the tip and in the' glands of Xiihn, 

The Inferior Alveolar Nerve.- -ZV/c Inferior (ilvco/itr nerve is the largest 
of the branches ot the thii'd or m.uidibular di\ision of the trigeminal 
ner\-e (Fig. i.V*)- From its (ji-igin it passes downward, accompanied b\' 
the interior ah'colar artery, on the external surlace ol tlu' ])ter\-goideus 
externus, posteidoi" and a little to the side ol the lingual nerw. After 
reaclimg the lower boi'dc'r ol the muscle, it passes 1 )etwcen the spheno- 
mandibulai' ligament and the ramus ol the mandiljle, ani.1 enters the 
mandibular canal or tube (see page ii) Irom which there cU'e small 
lateral tubes which ser\e as ner\ e and \ l'ssl'I conduits to the ro(jts of 
all the man.dibular teeth and siu'rounding tissue. In the region of the 
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canine to<jth the- nerve dixides int(j incisor and mental l)ranches, the 
former Koing to the incisor teeth. The hitter turns hack up(jn itself, 
passes along the mental canal and out by the mental leramen. 

The branches of the inferior ah'eolar ner\e are — 

.1 cojiiiuunicatiii'^ bniiic/i, \\Tich jxisses o\'cr the internal maxil- 
lar\- arter\- to the lingual ner\e. 




T'T'Di/inition of 



Fii;.. 129. — The sphenopalatine ganghon ami its branches, ((irax'.l 

A mylohyoid hraiirh, which is generally described with the inferi(jr 
aKx'olar, which is a sensory ner\'e, while the former is in reality 
motor in character. Its fibers can lie traced from its i)(Mnt of distribu- 
tion backward to the anterit^r or motor root ot the trigeminal It is 
gi^'en oft from the interior abeolar ner\e just as it is about passing inttj 
the mandibular foramen, and passes downward and forward, ace(.)m- 
panied by the mA'lohyoid artery in the mylohyoid groove of the 
mandible. It is distril;)uted to the inferior surface of the mylolnoid 
and the anterior belh- of the digastric, also the tensor palati and tensor 
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tynipani musck's. A tew filaments from this f)ranclT pass tlTi'OUi^h the 
mylohyoid niusele and inteidace \\ith the hni^iial nerve. Branches 
are also descril)ed as passing to the triangularis (depressor anguli 
oris) and plat\sma muscles (Henle), to the integument below the chin 
(Kranseand SchwalbeJ, and to the submaxillary gland (Meckel, Henle, 
Curnow). 

The inferior alveolar braiiehes are numerous, and fine lilaments 
pass through the apical fora.mina in the roots of the teeth of the lower 
jaA\- U) supph' the ]iulp and tooth with sensation. There are also 
filaments wliich ])ass upward and supijh' the alveolodental membranes 
and giun tissue. 

Tlie nieisor braiieli is the continuation of the main trunk of the 
inlei'ior al\ e(jlar ner\ e. 

T//e iiieiital or labial nerve is the larger of the two terminal di\'is- 
ions ol the interior aheolai" nc-rxe. It passes outward from the mental 
caUcd thiougli the mental toramen, and immediately breaks uj) into 
three branches lieneath the triangularis muscle. The inferi(jr L)ranch 
descends, and is distributed to the chin. The two superior branches 
ascend to supply the lip, its mucous meml>rane, and the Ial)ial glands. 
1 hese three ])ranches treely inteidace with tlie maxillary branch ot the 
facial uerxe 



SYtVIPATHETIC GANGLIA CONNECTED WITH THE 
TRIGEMINAL NERVE. 

The sympathetic ganglia loun<l in connection with the trigeminal 
ner\"e belong to the gi^'iiei'al sympathetic s\ stem found tlu'oughout the 
bod\ . This sympathetic s\stein is composed ol a largi,' numlier ot 
ganglia, coi'ds. and ])le\uses. 

The 'j^aii'.'lia are separate centres for the conwyance and distribu- 
tion ol \arious cords and hlaments, consisting ot motor, sensory, and 
syni])athetic fibers. Fhey contain ner\ e cells wry similar to those 
found in the encephalon and spiiuil cord. Idiese ganglia are arranged 
in two chains situated on each side ol the liody near the central line. 
1 he\ coinmeiK e with the ciliar\ ganglion in the orbit, and extend 



SYMPATHETIC GAXGIJA COXXECTED WITH TRIGEMLXAL XERVE 155 

downward along each side of the \ertebral column, and terminate 
below in the ganglion ini]xir in the coccj'geal region. 

The ganglionic or s^'mpathetic system is independent and separate 
from the general nervous system, but is intimately connected with it by 
communicating branches which pass from the motor and sensory roots 
of the cerebrosi)inal nerves, as well as b}' direct filaments which extend 
between it and the cereljrospinal centres. The symjjathetic nervous 
system is distributed to the mucous membranes, the viscera, the coats of 
bloodvessels, and to the non-striated or in\'oluntary muscular fibers. 
The nerves of this system form i)lexuses in ^■arious ]jarts of the body, 
especially around the arteries. They are not found in ccjnnection with 
striated voluntary muscular fiber. The cardiac muscle l)eing partially 
striated, yet in\'oluntar\', is an exception. Numerous ganglionic cells 
are found situated at the terminal ends of sym])athetic nerve fibers. 

The four pairs of ganglia associated with the trigeminal nerve are 
as follows: 

Ciliary, Otic, 

Si^henopalatine, Sul:)maxillary. 

The ciliary ophthalmic or lenticular ganglion is situated in the 
posterior portion of the (jrbital ca\ity, betA\een the Rectus lateralis 
and the optic nerve, in close apjxjsition to the ophthalmic artery. It 
is a small, flattened, and reddish body, surrounded by adipose tissue, 
its flattened surfaces being the proximal and the distal. It measures 
about 2 mm. in length anteroposteriorly. 

Its branches or roots of communication are — 

1. The sensory or lonc^ root, A\hich is a slender filament arising 
within the ca^'ernous sinus trom the nasociliary ner\-e. It enters the 
posteri(jr superior angle of the ganglion. Occasionally a filament is 
found which extends from the lacrimal nerve to the ganglion. 

2. T/ie motor or short root, which is shorter and thicker tlian the 
sensor^' root, and occasionally di\"ides into two ]:)ranches. It is derived 
from the inferior oblique liranch ot the motor oculi or third nerxe, and 
joins the ganglion at its posterior inferior angle. 

3. TJie syinpdtlietie or middle root, which is derix'ed from the SA'stem 
to which the ganglion ]:)el()ngs. This root is smaller than either of the 
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others, and originates in tlie caNernous sinus, beinL; (lcri\'e(l from the 
carotid [jlexiis. Throni^h this plexus it eonimunicates with the eei'\'i- 
cal ,iian,u,Hon. As it extends h)r\\ard to tlie ])osterior border of the 
,ii"an!j,li()n, it occasionally unites witli the loni^' or sens(jry ro(jt, forniin,L;' a 
Kiminon trunk. 

]'i!nut/i>iis 111 llic Roots.- -Y\\^ ciliary ,L;an;<Iion may i'ecei\'e acces- 
sory roots from tlie superior (h\ision ol the motor oculi, the lacrimal, 
ahducens, or s])henopalatine ,i^'an;.,^ii()n ( Idenle, Tiedemann). 

"AccordiuL; to Keichart, the ciliary ganiiiion does not recei\x* its 
sympathetic hhers hy a sin^^le root, hut \)\ sewi^al fine filaments, the 
majority ot which accom])any the motor ocidi. 

"It ap]jears Irom the mofle ol de^■clopment and arrangement in 
man\" of the lower Nertehrates that tht' ophthidmic ,L;any'lion is mor- 
pholo',^i(al!\" assotiated more intimately with the UKjtor oculi, ha\ing', 
in tact, the si;gnificance of a spinal L^an^lion of that ner\ e (M. Marshall, 
Seliwcdhel."' 

Its branches ol distriluition are to the iris and ciliary muscles. The 
short ciliar)' nerxes, ten to fifteen in mmdier, arise in two sets, superior 
and inferior. 

The sii[Dcrior set cU'ises Irom the antei'ior supt.'rior anL;le, and ])asses 
forward, in a wax e-like maimer, lie'tween the (jpti(.' nerxe and the 
sui.)erior rectus muscle to the posterior ])en't of the eyeball. 

Tlic inferior set is more numer()us than the su])erior, and arises 
Irom the anterior inlerior ani^le ol the gauLilion. It passes in a wax'e- 
like manner l)elow' the o|)tic ner\e and abo\e the inleri(.)r rectus muscle 
t(; the ])Osterlc)r part ot thce>eball. It is accompanied liy the Ion;g- cili- 
ary ner\ es which are derixed from the nasal branch ol the ophthalmic 
dixision of the triL;,'cminal. One or more (A its fibers join the short 
ciliary ner\ cs. 

l>oth the su|)erior and the inlerior sets i)ass lorward through the 
sclera of the e\e in delicate gro(.)\es on its inner surlace, next to the 
choroid, and are distributed to the ciliaris muscle, the iris, and the 
cornea. A small filament penetrates the optic nerxe t(j the arteria 
centralis retina' (Tiedemaim ). 
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Sphenopalatine Ganglion. — The sphenopalatine ganghon (gan- 
gHon of Meckel) (Fig. 129) is the largest of theganglia associated ^^'ith the 
trigeminal nerve. It is situated in the pterygopalatine fossa in front of the 
anterior opening of the pterygoid canal, close to the sphenopalatine fora- 
men. It is triangular in form, with its apex pointing backiward in the 
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Fig. 130. — The pterygoideus externus and the branches of the mandibular nerve in relation to it. 

(Gray.) 

direction of the pterygoid canal, and is surrounded by adipose tissue. Its 
outer surface is convex, and averages about 8 mm. in diameter. It is 
reddish-gray in color, except at its broadest part, where it is com- 
posed entirely of gray matter. 

The branches or roots of communication of the sphenopalatine 
ganglion are — 
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1. The sensory roots, two in luimlier, which arise from the maxil- 
lary nerve as it passes through the pterygopalatine fossa. They 
enter the ganglion separateh', one at the anterior and the other at the 
posterior ('(jrner of the u])i)er surface. Many of the fibers of these 
roots pass through the ganglion \\ith(mt Ijccoming incorixjratecl with 
it, and recei\'e no influence tnjm it. 1 hese Ifljcrs hjrm the palatine 
nerx'es. 

2. The motor root, ^\•hich is (|uite long, and arises from the facial 
ner\e or the greater suiJcrlicial petrosal ner\e at the genicular ganglion 
within the ])rominence (jt the facial tanal. From this point it j^asses 
forward through the hiatus on the anterior surtace of the petrous portion 
<_)! the temporal bone, then inward Ijeneath the semilunar ganglion, 
l)eing sei)arated Irom it ])\ a thin layer ot dura mater. It then j^ierces 
the hbrocartilage occui)>ing the toramen lacerum and jjasses to the 
outer side of the internal carotid arterA'. At this point it is joined by 
the sympatlietic root or the large deep petrosal ner\X' ot the spheno- 
palatine ganglion, and the two conjointh- are called the ner\"e of the 
])terA'goid canal (\'idian ner\-e). They pass \nU) the i:>ter}'goid canal 
in the sphenoid bone, extend through this canal, and at the exit enter 
the ])osterior or apical cxtremitA' ot the ganglion. The gray matter of 
the ganglion extends along the nerxe as far as the origin of the sAanpa- 
thetic at the carotid i)lexus. 

3. llic svuipiitlictic root, or the large deep petrosal ner\-e, commences 
from the carotid plexus which surrounds the internal carotid artery. 
These filaments unite and hirm a short branch ot reddish color and soft 
texture, which jjasses forward and joins the motor root ot the ganglion 
to form the ner\e of the jiterygoid canal al)o\-e descril)ed. Occasionally 
these two roots remain sei)arate throughout their course, and enter 
the ganglion ununited. 

The branches of distribution of the sphenopalatine ganglion are — 
[. ()rt)ital liroiiflics, ctjnsisting ot three or lour tnie filaments 
which ])ass into the orbit through the interior (jrbital fissure, and are 
distributed to the periosteum and mucous membrane of the posterior 
ethmoidal and sphenoidal sinuses b}' passing between the si.)henoid and 
ethmoid fiones. 
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Some ot the branches which i)ass upward are distributed to the 
neurilemma of the optic ner\-e (Arnold and Longet). 

A l)ran(,-h from the ganglion ascends to the sixth ner^•e (Bock and 
Valentin). 

Also a branch to the ciliary ganglion (Tiedemann). 

T\\'o or three branches, sphenoethmoidal, ascend to the superior 
Ijortion of the internal orbital wall, pass through the ])osterior ethmoidal 
foramen, and enter the l.)rain-case (Luschka). 

2. Tlic descending or pahttiiie hruiieJies, three in number — anterior 
posterior, and external. These three branches jjass from the maxillary 
ner\-e thnnigh that portion of the ganglion in which there is little 
ganglionic or gray matter. They thus pass to their distribution with 
out becoming invoh'ed or influenced by the ganglion, except it be 
to a \'ery slight extent. 

T/ie aiilerior or htrge palatine nerve passes downward in the 
pterygopalatine canal, and enters the oral ca\ity at the great ]jalatine 
foramen. It then passes forward in a groove on the side of the hard 
palate to its anterior portion, where it joins the nasopalatine nerve. 
It is distributed to the gums, mucous glands, and membrane of the 
hard ])alate. This ner\e gives off a separate branch (middle palatine), 
which passes downward to the soft palate in a separate canal. It 
also gi\-es off branches (inferior nasal) while in the canal, which are 
distributed to the middle and inferi(jr conchte. 

The posterior or middle palatine nerve passes downward, accom- 
panied h\ a small artery in the small palatine canal, to the soft i^alate, 
and di\'ides into two sets of branches. One set is distributed to the 
levator palati and musculus uvuke, and ma>- be composed entirely 
<A motor filaments coming from the great sui)erficial petrosal branch 
of the motor and facial nerves, and the ner\-e of the pter\-goid canal. 
The other set, which is sensory, is distributed to the mucous membrane 
of the superior surface of the soft palate, the glands of the soft palate, 
and to the tonsils. 

The external pidatine nerve is the smallest of the three descending 
branches, and is not always constant in its existence. It passes down- 
ward through the external palatine canal, which is situated Ijetween 
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tlu' tLilierosity n\ \\m: maxilla and palate b(;nfs, and is distriljuted to 
the tonsils, u\ ula, and (inter portion ol the s(jlt palate. 

The iiilcniii/ (ir inisiil liniiirlics consist ol two (li\'isi(jns, uiJi)er nasal 
and naso])alatine. 

Tl/c ii/'>/?cr lutsdl hiunirhcs, lour or [\\v in nmnher, are small, and 
pass hon/ontalh' inward lhroiiL;li the spheno|)alatine loramen into the 
posterior superior p(.)i"tion ol the nasal ehaniliei'. The>' are distrihuted 
t(j the posterior superior portion ol the nasal septum, t(j the mueous 
mi'mlirane e(A'erin,u the superior and middli' eonehce and to the posterior 
ethmoidal e^'lls. 

The uiisi'/^d/ittiiic hnnirh is lari^er than the up];)er nasal liranches, 
,md is an important diNasion ol the nasal ner\-es. It is lonj^" and slender, 
and arises Irom the proximaJ snrlaee ol the sphen(ji.)alatine .^ani^lion. 
It passes through the sphenopalatine loramen aer(.iss the roof of the 
na-^al ea\ it\ to the septum, where it turns dovrnw/ard and forward, 
lUid extendi in a ,L;ro<.i\"e oi' canal on the ^'omer to the ffjramina of 
Si'arpa or nasop<datine loramina. These are tw"o in numlier, cUiterior 
and ijosterior, and are situated in the inteianaxillary suture. The 
ner\'e ol the rii.;ht side iisualK' ])asses throu:..;"h the posterior foramen, 
wliih.' the ner\e ol the lelt side jiasses throu,L;h the anterior. These 
two ner\(.'s (ri;j,ht and left nasopalatine), meeting in the incisor f(jra- 
mi.'n, lorm a line ])lexus, li'om whi( h nn'nute lilanu-nts are distributed 
to the palate jxisterioi- to the incisor teeth and interlace with the anterior 
or L^ix-at pahitine nerxe. "In ihi' course alon_L; the sejitum snudl fila- 
ments are fui'nished li'oin the nasopalatine to the pituitary nieml >rcUie,"' 

'J'lic poslcrior hnii/i'/ics ^'lU'rally assume the name (jl the nerxe of 
the pter\\L;oid canal (already described) and the pluu'yngeal ner\"e. 

The pJiaryiiiii'dl nr /ylrryi^npuhiliiif nerve consists ol se^'eral fine 
filaments which freiiuenth' arise Irom the ner\ e ol the pteryg(.)id canal, 
instead ol Irom the ])osterior portion of the Ljannlion. It i)asses d(.)wn- 
ward throu:<h the i)ter\;..;oiialatine canal, accompanied In' an arter\- 
of the sanu' name, and is distributed to the mucous membrane of the 
u])ix'r ])ortion (jI the pharynx and nei,i;hl)orhood ol the auditory tube. 
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Otic Ganglion. — The otic ganglion (Fig. 131) is a recklish-gray l)ody 
situated just below the foramen o\'ale, and in close apposition to the 




Fig. 131. — The otic ganglion and its branches. (Gra)'.) 




Fig. 132. — Diagram showing cutaneous areas of face and scalp. (Gra>-.) 
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proximal surface of the nuin(lif)ular nenx- at the point of union of its 
motor root with the third sensory division arising from the semilunar 
ganglion, with the cartilaginous i)ortion of the auditory tube to its inner 
surface, while the middle meningeal artery- passes up into the brain- 
case just i)osterior to it. It is a flattened rn-al body, its widest diameter, 
which is about one-sixth of an inch, being anteroposterior. 
Its l)ranches (jr roots of conmuinication are — 

1. The loii'^ or sensory root of Aniohl which is composed of 
the lesser superficial i)etrosal ner\e, a continuation of the t}'mpanic 
branch of the glossoi)har\ ngeal, and a Ijranch from the geniculate 
gangHon of the se\enth. The ganglion also recei\-es an im])ortant 
sensor>' f)ran(,-h from the auriculotemijoral nerx'e of the trigeminal. 

2. The motor or short root of Arnold which is derixxxl from the 
internal pterygoid l)ranch of the inferior maxillary di\'ision of the 
trigeminal. It also receives motor filaments through the lesser super- 
ficial ])etrosal deri\ed from the genicular ganglion of the seventh 
ner\'e. 

3. llie syiiipdthetie root, which is deri\ed Irom the plexus around 
the middle meningeal artery. 

The branches ot distribution ol the otic ganglion sui)ply in part the 
i:)arotid gland, the chorda tj'mpani, tensor t>mpani, tensor ^•eli pala- 
tini muscles, and the mucous memljrane (jt the middle ear. 

The Submaxillary Ganglion. — The sul)maxillary or lingual gan- 
glion is situated alxjxe the deep [jortion ot the sul)maxillary nuu'O- 
sali^■ary gland, close to the outt'r ])orlion of the hyoglossus muscle. 
It \aries in shape and size, usualh' being triangular, Init occasionally 
it is fusiform or plexilorm, or absent altogether. 

Its branches or roots of connnunication are — 

1. 77;c sensory root, which arises trom the lingual branch of the 
mandibular ner\e and enters the ])osterior i)ortion ot the ganglion. 

2. Tl/e niolor or lon;^ root, \\hich is formed fn.mi the motor fila- 
ments ol the lingual ner\-e recei\ ed from the chorda tympani branch 
ot the lacial. 

3. The synipotlielie root, which arises from the sym]iathetic plexus 
around the facicd artery. 
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The branches of distribution of the submaxihary ganglion are prin- 
cipalh' those that supply the submaxillary muco-salivary gland and its 
duct. Other branches ])ass upward, and interlace with the lingual 
nerve, forming a ]3lexus on the side of the tongue, from which filaments 
are gi\'en off which supply the mucous membrane of the mouth. Bald- 
win and other anatomists describe a sublingual ganglion which is 
situated on the branch of the submaxillary ganglion which passes to 
the lingual nerve. Occasionally one or two small branches are found 
which communicate with the hyjxjglossal nerve (Meckel and Bosej. 
None ot the branches of the sufjmaxillar^' ganglion are distributed to 
muscles, which is in marked contrast with the branches from the otic 
ganglion. 

LOCAL ANESTHESIA OF THE TEETH, SURROUNDING TISSUE, 

AND PARTS OF THE FACE PRESIDED OVER BY 

THE TRIGEMINAL NERVE. 

Local anesthesia may be obtained by se\'eral methods: by direct 
application of the drug to parts such as the mucous membrane of the 
mouth or nasal cavities, by hyixjdermic injection of moderate force, 
by forcing the anesthetic into the bone under high j^ressure causing 
infiltration through the bone cells, and by the conductive or l:)locking 
process. It should be Ijorne in mind that no injection should ever be 
made in an infected area. 

The ordinary hypodermic maj' be used, but where a deeper anes- 
thesia is required it is necessary to inject with a stronger and larger 
syringe into the nerve at a place easy of access, between the point of 
operation and the sensorium; if for instance it was desired to anesthetize 
the lower lip "blocking" could be done at the mental foramen on each 
side. From examination of various mandibles in typical skulls it will 
be found that at puberty the foramen is in the centre of the bod\' of 
the l)one at a perpendicular line between the two premolar teeth {see 
Fig. 2); by studying this and other illustrations as well as specimens, 
one can judge the best point for injection within the vestibule of the 
mouth for this particular location. Though the mental foramen, its 



1C4 rilE MOUTH 

canal and ner\cs are rather constant as to position and relation, (see 
Fii;. 3) in \q\-\ old as^e, if the mouth be edentulous, the mental 
forcUiien is often found nearer the top of the bod:>>' of the mandil>le 
(see Fig. 4); there may he als(j modifying pathological conditions mak- 
ing it necessary to take into consideration, not only age l)ut the many 
\ariations tliat are discussed in the general text. As all the man- 
dibular teeth, gum tissue and most of the mandible are presided over 
])\- the mandilmlar ner\-e, the anesthetizing centre lor tliis region would 
be the mandibular foramen which is one of the most constant features 
in anatomy. 

The mandibulcU' loramcn is in the median surface of the ramus 
generalh' in the centre and i)laced oblic|uely, it is oval in shajje with a 
sharp border ot bone extending upward from the lower margin kno\\'n 
as the lingula l(j which is attached the sphenomandiljular ligament. 

A]i(j\X' the loramen is a (lei)ression known as the mandibular sulcus, 
idong \\hich the inleri<jr ah'eolar ner\es and ^'essels pass into it. In 
iront and medial to tliese is the lingual ner^•e (sec Fig. 130). It is in 
the region ol the sulcus that the point oi injection should Ije carried 
for anesthetizing most (A the lower jaw. 

The blocking ol tlie nerxous system is more complicated in the 
maxillary regicjn than in the mandibular as tlie courses of distril)Uti(jn 
dvc more intricate, hjr this reason the minute knowledge of the xaria- 
tions in the anatomy ol this region should Ijc acciuired before one can 
intelligentK' and accurateh' anesthetize the middle portions (.)f the 
face. The reflexes ol the xarious ganglions and interlacing of the 
nerves either complicate or assist in proporti(.)n t(j the oi^erator's 
knowledge of the distributi(.)n <il this nervous system. 

II the maxillary nerve, as it jiasses thnjugh the pterygoid palatal 
hjssa-, be blocked belore it branches to the si)henopalatine ganglion, 
all the structures in li'onl ol this regi(jn v\'ould be deprived of sensation, 
this might not be desirable, hdr local o|)eration ujion the middle face 
the orchnarv' points ol injection are the inlraor])ital foramen, the inci- 
sive loramen, the greater and lesser ])alatine loramina, and the alveolar 
hjramina. The inlraorbitcd loi'amen is not constant in position as it 
may Ije tound just under the middle of the infraorbital ridge or it mav,- 
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be lateral to this and much lower down, the location of point of injec- 
tion can usualh' be detected by careful digital examination in the ves- 
tibule of the mouth going upward over the premolar teeth. 

The incisive foramen, a funnel-shaped opening, is situated imme- 
diately back of the two first incisors. It is in the interpremaxillary 
suture just anterior to the palatal process of the maxillary bones, four 
canals usually lead into it from the nasal cavities, two incisive canals 
or canals of Stenson, for the accommodation of the descending palatine 
arteries, and two canals of Scarpa, anterior and posterior, for the accom- 
modation of the nasopalatine nerves. This foramen is the most easy 
of access. 

The greater and lesser ])alatine foramina are situated near the 
lateral and posterior edge of the hard palate, to the inside of the third 
molar. The greater palatine foramen is the outlet to the pterygopalatal 
canal and con\'eys the anterior palatine nerve which passes forward 
in a gnxn'e in the hard palate to the incisive foramen, interlacing with 
the terminal filament of the nasopalatine nerve. The two lesser palatine 
foramina are for the passage of the middle and posterior palatine nerves. 

The ab'eolar foramina are much more difficult to reach as they are 
not constant in either number or position, it is for this reason that the 
same result is n(jt always ol)tainable in anesthetizing. They are situated 
in the infratemp(jral surface ot the maxilla and transmit the su])erior 
alveolar nerves and vessels. The best point for injection is back 
of the tuberosity along the posterior wall of the maxillar\- sinus; 
all branches of these nerves should be blocked as they preside o\'er 
the maxillar}" mcjlars, premolars, and canine teeth. To reach the maxil- 
lary incisors the injection should generalb^ be made in the infraorlntal 
foramen. 



CHxAPTER VI. 
TKETH INFLUENCH:!) BY IRREGULAR ERUPTION. 

RETARDED ERUPTION OR IMPACTED TEETH. 

Deformi-:i), impacted and misplaced teeth should be studied not 
only as showin;^ e\ideiices of diseased conditions in themseh'es, but 
they must Ije regarded as s^niptoms of some i)recedent jjathological 
disturbance which has manifested itself, among other ways, in these 
anomalies. One must know the history of the de\"elopment and growth 
ot the face, as well as of each indixidual tooth, in order to trace the 
jjeriod of the early i)athol(_igical t~ondition \\'hich caused the deformity. 
It Irequently happens that at the same time other facial disturbances 
ma\' be produced, which could in this A\'a}- be indicated and traced by 
recognizing the relationshi]j Ijctween the causative i)athoIogical lesion 
and its \'arious manitestations. 

Precise diagnosis ol the man\' obscure diseases associated with the 
face is impossible without accurate knowledge of the anatonn' of 
the head — e\'en to each individual tooth. This knowledge must 
include the ^'ari(JUs characteristics exhiliited b\' the anatoni)' at dif- 
ferent periods of lite, and the effect (il early juithohjgical conditions 
on the anatomy of the teeth, jaws and face generalh. 

Among the general pathological disturbances which bring about 
deformit>' or retarded eruptions of the teeth maA' be nientioned syphilis, 
the acute exanthemata such as scarlet le\ er, ett\, and disorders of nutri- 
tion. Among local causes are inflammati(_ins oi the ia\\' l.Kjnes set up 
1j>' carious teeth or (jther disturl)ances, detcjrmed arches, etc. The 
growth ot the jaws and the moxement of the teeth is in a forward 
direction, consequently anything which interferes with this forward 
movement will cause an<imalous erujjtion and impaction of the teeth 
and detormitA' of their roots. Chronic conditions resulting from any of 
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the acute exanthemata ma;>' interfere with the proper development l^y 
causing- an excessive dejwsit of salts of calcium, inducing a hj'perplasia, 
which may either be general or localized within the cancellated bcjne. 

The roots (jf misplaced teeth are often cur\'ed in abnormal shapes, 
or, in the case of molar teeth, compressed together. They are not 
actively bent into these positions, but are built or formed thus in the 
process of growth. They are often held in the place of development, 
or pushed in the direction of the least resistance, until resorption of 
the l;)one tissue (jccurs, when they usually make their api:)earance in 
an abnormal jjosition. 

The increase of density of the bone not only i)re\-ents the teeth 
trom taking their normal p(jsitions, Ijut comj^resses the vessels and 
nerves, producing local malnutrition and general discomfort, not 
alwa;>-s severe enough to be called neuralgia, although, on the other 
hand, this disturbance is sometimes so severe as to incapacitate the 
individual from doing anA' kind of mental work. 

Local increase in the density (sclerosis) of the bone may also be 
bnjught about by inflammation of the periodental membrane, extend- 
ing into the alveolar process. Thus the cancellated tissue, instead of 
being spongy, and elastic, becomes hard and solid (see Fig. 45). This 
condition, following caries of the first permanent molar soon after its 
eruption, is sometimes a cause of impaction of the third molar. The ■ 
se\'ere trainnatism to the jaw may cause a deposit of salts of calcium 
in the cancellated tissue, and thus bring about impaction. A heavy 
\)\(>\y on the chin in childhood has i)roduced ankylosis of the man- 
dibular joint, resulting in arrest of growth ot the jaw, and leaving 
insufficient space for eruption of all the teeth. Premature extraction of 
the deciduous teeth, or the neglect to extract them at the j^roper time, 
may cause malposition of the permanent teeth, this leading in turn 
to im])action of unerupted teeth. Failure to freely lance the gums in 
retarded eruption of the deciduous teeth is also a frequent cause of 
an abnormal density in the cancellated tissue of the jaw. 

Impacted teeth may be present without giving rise to any local 
symptoms whatever, but as a usual thing they are a cause of many 
serious local and often far-reaching general disturbances. 
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Magitot' rfi.)()i'ts main' cases of deformed supernumerar>', misplaced, 
transposed and impacted teeth in man, monkey, liorse, and other 
aninicds. These are fully described and illustrated in the pages (jf his 
\"aluable and important work, to which the interested reader is referred. 

Figs. 133 and 134 gi\'e the under surface of a monkey's skull, - 
with the (jccluding surface of the mandible showing two impacted jore- 
molars in the roof of the mouth near the intermaxillar\- suture. 
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P'lGS. 133 iLiKl 134. .\luiikr\'s >kiill, shdwiiii; twfi iiiipacU'il nia\iIl,Lr\- jirt'iiiolars. 



Figs. 135 and 136 are Irom an ,v-ra\- picture of the same skull, show- 
ing the impacted teeth and their n^ots, also the de\eloping canines in 
the upper jaw. 



' Ti'.iiLc (Ics Anomalies du Systcme Denlairc, Paris, 1S77. 
'-' Irom I >r. Kirk's collection. 
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Local Effects. — An impacted third molar vany ]:»ress a;4ainst the 
crown (jf the second molar and dental caries may be indicated in this 
tooth, or itself liecome the seat of caries around the point ol contact. 
Before the dex'italization of i)ulp severe facial neuralgia may occur. 
Again, the irritation set up In' an impacted tooth ma>' cause a conden- 
sation of the surrounding bone with pressure on the mandif)ular nerve 
and its branches which ramify through the bone. Failure to recog- 




FiG. 135 Fig. 1j6 

Figs. 135 and 136. — A'-ray picture ol the same as shown in Fig. 133. 

nize the local cause may lead even to serious and dangerous operations 
on the semilunar ganglion. No case of facial neuralgia should be 
operated upon without search for a possible local cause. 

Infection from a pulp de\'italized b}- an impacted tooth in the 
upper jaw, may pass up into the maxillary sinus and other pneumatic 
spaces. An impacted lower third molar, in its attempt to erupt, fre- 
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ciiR'iitK' causes a cellulilis which extends into tlie re;j;i()n ot the man- 
dilmlar joint, causin.L;' acute ankylosis. It ma>' als(j set up tonsilHtis, 
pharyn.u,itis, d^'sphagia and e\'en trismus, if suppuration takes j^kice 
around it. Rarely, infection may extend trom the dental and maxil- 
lar\- veins, tlirough the ])terygoid plexus to the cax'ernous sinus. 

General Effects. — It has lieen well established that impacted teeth 
and the antecedent pathological condition of the bone ma\' be a source 
of great disturliance oi the A\'hole ner\'ous system. Cases can lie cited 
of serious distiudian^es ot the ner\(jus system fieing cured Ijy the 
reuKA'al ot impacted teeth and also liy the remo\al (jf hard bone which 
has l.)econK' consolidated by an excessi\e deposit ot salts of calcium 
within the spongy or (-ancellated tissue. 

Diagnosis. —The diagnosis 1a' superficial obserxation of manv of 
these conditi(jns of the moutli, and e\"en of the internal structure of 
the tace, is comparatixely easy. The general character ^A the erupted 
portion ol a tooth, its ])osition, and the firmness with which it is held in 
the ah'eolar process, can be studied with the aid of a mouth mirror 
and a tew (k-ntcd instrinnents, jjnnided that the surgeon has a minute 
knowledge ol both the t\'])ical and abnormal anatomy of this region. 
The same qualification is demanded in using the .v-rays for diagnosis 
ol the more oljscure diseases. Xo matter how g(.iod a skiagraph be 
<jl)tained it is useless imless the reailer can distinguish the pathological 
trom the normal condition, which demands that he must know the 
many (kwiations trom typical anatonn that e\en a normal condition 
can ])resent. 

]'(iliic of X-ray J^ itiii res. - -Thv .v-ra\'s are ot inestimable \'alue 
when used in conjunction with other means in the diagnosis of the 
more obscure abnormalities ol the teeth. There are many times, in 
tact, when an intelligent interpretation ol the case would lie impos- 
sible without the use ol .v-ra\'S in loctiting the al)normal (jr diseased 
ccjudition. Instances could Ije cited ot i>atients suffering from severe 
neuralgia who had been treated, without success, with opiates and 
other drugs, because no local cause had been suspected, or in whom 
the symptoms had Ikx-u ascribed to remote causes, when the skiagraph 
re\ealed an impacted tooth, the removal ot which brought about imme- 
fliatt/ and ])ermanent relief. 
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In the case of the lower third molar the question of the advisability 
of removing the impacted tooth or the one next to it, is often settled 
by a good .v-ray picture; thus, where the .T-ray shows that the adjacent 
tooth has been damaged q.nd that the impacted tooth could easily 
erupt to take its place, extraction of the former would be indicated 
and only one tocjth sacrificed instead of two. 

Fig. 137' gi\-es a general idea of the arrangement and position of 
the deciduous and permanent teeth, and of their relations, about the 




Fig. 137. — Skull of a chilil, ageil aboul six years, showing all the deciduous teeth in position and 

the developing permanent teeth. 



sixth or seventh year. The external walls of the aheolar process of 
the upper and lo\\-er jaws have been remo^•ed, together '\\-ith some 
of the cancellated tissue, exposing the roots of the deciduous teeth 
and the crowns of the permanent ones. It will be noticed that at 
this age nearh' all of the space of the maxillar}- bone is occupied by 
the dental organs, there lieing but little room for the maxillary sinus. 
It would seem clear, that bA' interference with the natural processes 

1 For further description of this illustration, see Fig. 107, of which it is a repetition. 
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at this i)erio<l of life, thu permanent teeth can Ije deflected (jr detained 
from assuming their normal positions, thus modif>'ing the shapes of 
the maxillary sinus or nasal caxities. When these chambers are changed 
in form, size, or position, associated cavities and adjoining structures 
will also be changed. The shape of the orbit may also l)e modified to 
such an extent that the e>-e ma>- l)e afTected, making it myopic or 
hypermetropic. In this figure the crown of the upper first molar is 
\ isible. The iX)sition of the germs of the second and third molars 
is higher u]) and further back, theretore the>' must be close to the 







I'll,. \M>. — Si(k- \-'h:\\ u[ {hv uppiT :inil Iciw ur jaw s nl ,i cliilil .iljdut m.'\ui\ (.ir L'i,L;ht \ ears of age, sho« ing 
the deciduous teeth, the first niohirs, and the gerjiis ol other perinanent teeth. 



under siu'face and posterior portion of the orl)it. This \\as interest- 
ingh demonstrated liy a patient reterred to the nei)artment of 
Dentistr\- of the Inixersity of I'ennsyh'ania, \\ho hatl an nnpacted 
upper third molar, the crown ol which was in the upper portion of 
the posterior wall ol the maxillary sinus. (See Fig. 142.) 

hig. I .V""^ i"^ Irom a specimen (.)l the up|)er and lower jaws oi a child 
abc)Ut se\en <ir eighl \ears (jf age. .\11 the deciduous teeth are in 
])osition except the incisors. The first molars ha^•e erupted, the other 
])ermanent teeth are in lairly normal position for this age. 
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Fig. 139 is from a similar preparation of a child about twelve or 
thirteen years of age. It will be noticed that the position of the roots 
of the upi^er first and second premolars and the roots of the first 
molar have been interfered with by some pathological c(MK]iti()n. 



/%=•, 




Fig. 139. — Side \'ie\v ol upper and lower jaws of a child aloout twelve or tliirteen year.s of age. 



SUPERNUMERARY TEETH. 

The dex^eloimient of a supernumerary tooth or teeth may also 
cause impaction of a normal tcjoth. Two marked cases ha\'e come 
under the writer's obscr^'ation, tlie first in a skull belonging to Dr. 
Kirk's collection, where thirteen small supernumerary teeth are de\'el- 
oped in the position of the nnA ol the left upper first incis(jr, which 
was lound, upon dissection, to l)e impacted between the fl(j(jr tA the 
nose and the roof of the moutli. The other case was in the mouth of 
a patient of Dr. Huey's, of Philadelphia, where thirty-fi\'e small super- 
numerar\' teeth were found within the alveolar process, in the space 
which should ha^•e held the left central incisor. After removing the 
supernumerary teeth, the permanent normal incisor could l:)e seen 
resting l:)etween the plates of bone forming the roof of the mouth and 
the floor of the nose. 
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Fig. 140 is a ph(jt()grai)h from a skull in Dr. Kirk's C(jllection. 
It affords also a good idea of tlie general condition found in the moutfi 
of Dr. Hue>'s patient. The permanent first incisor was not removed 
^^■hen the supernunierarA- teeth were extracted, as Dr. Huey and the 
writer had some hojies that it would assume its normal place with the 
other teeth. Six m(»nths after the operation the tooth had advanced 
more than half its length, cUicl eighteen nKjnths later it descended into 
its normal i)osition. 




Fir,. 140. — .\n u<l(.nUunia ciikI an ini];)acU'il tir^l incisor. 

Fig. 141 is an illustration of the hrst incisor and superninnerary 
teeth taken from the skull sho\\ n in Fig. 140. 

Fig. 142 is an illustration uKide Irom a sectifjn gi\"ing an idea of the 
])Osillonof the tooth in this patient's mouth. II this crown, as shown in 
the illuslrati(jn, had roots ol normal U'nglh, the\' would extend back across 
tlu' splienomaxillar\ spa< e, the points ol the roots would be near the 
s|)henoi(lal sinus, and the roots would more than likely l)e co^"ered by a 
thin lamina ol bone (le\ floped ti'om the original tooth sack or capsule of 
the maxilla. 1 n lascs where teeth ha\e been found impacted in the upper 
I)art ot the maxilla, similar to that shown in this illustration, thcw arc 
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commonly spoken of as having passed upward. This, in the opinion ot 
the writer, is incorrect. It is more lilcely that many of the teeth so 
found imi)acted have never passed down from their place of develop- 






Fig. 141, — Views ol the impacted tooth and odontoma removed from the jaw illustrated in Fig. 141). 

ment. In this particular case, through some inflanmiatory process, 
the tooth and its capsule became adherent to the posterior wall of the 
maxilla, the intrinsic lorce being insufficient to force the tooth into 
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Fig. 143. — A first and second incisor, and 
Fig. 142. — .\n illustration rejiresenting an a canine tooth remo\'ed from the maxillary 
impacted tooth in the posterior wall of the sinus of a patient who had been suffering with 
maxillary sinus. neuralgia. 

proper position at the time it should ha\e made its descent. It is some- 
what analogous to an adherent testicle in the abdominal cavity- or in 
the inguinal canal. There is no more reason to think that the tooth 
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passes upward than that the testicle passes up fn^m the scrotum into 
tiie insjuinal CcUial or abdominal ca\'itA'. 
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Fig. 144. — An inipactcil canine luulh wilh the aiJux ul Uic rout within the nasal ca\"ity. 



ApeN of an impaclcil tooth 








Fig. 14.=;. — F^.xiern.i 



il I lir n.i^.il iM\ il \ , sec II Ir. .Ill I he in sick', showing- the a]iex ol I lie impacted 
I aniiie loolli ilhlNl raleii in Imi;. 144. 
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Fig. 143 represents three impacted permanent teetli, first and second 
incisor, and canine, which were removed from a h'\-ing patient suffering 
from neuralgia and sinusitis. 

Fig. 144 is taken from a specimen which belonged to Professor 
James Truman's collection. It shows an impacted right canine, the 
external bone has been cut away, exposing the tooth and its root. 
The tooth is a little below the place of development. The apex is 
curved forward and inward, the inward portion passing just into the 
nasal ca\-ity as shown in Fig. 145. A little external to the apex of the 
root is an opening into the maxillary sinus. 




Fig. 146. — Two impactdl canine teeth. Their malposition caused the loss of the lelt first and second 
premolars, also the loss of the right first premolar. 

Fig. 145 is a view from the other side of the specimen seen in Fig. 
144, showing the apex of the impacted canine in the external wall of 
the nasal cavity. 

See Fig. I7(S for impacted canine with crown immediately over the 
socket of the right first incisor, the root passing upward and backward. 

Fig. 146 sh(jws two canines impacted in the upper jaw, lying at 
nearly right angles to each other. They were entirely covered wdth 
bone, and were exposed by a surgical bur. The end of the root of the 
right canine is somewhat curved. There is only a slight layer of bone 
between it and the floor of the sinus. The la^'er of bone is perforated 
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b>' three small opeiiini^s. This malposition caused the loss ot the lett 
first and second premolars, also (jf the ri:j,ht first premolar. 




Fig. 147. — SlKjwiiii; two iiueried caniiiu teeth. 







^— — R():.)t of canine tooth 



C"ri"j\\'n rif canine tooth 



I'll.. 14S. — \\\ inipae-tcil cniini' lool li, ihe ( row n in I lie niol" of tlie nmiitli, the greater portion of the 

r< toi in I lie iiiixill.u ^ ^iiKi.^. 

hii;. .147' shows two iii\crted canine teeth in the inner and lower 
border <jl the orbital mare,in. Tins class ol impaction wdukl interfere 
witli the Umction ol" llu- nasolacrimal duct. 

' This |)ieliire was presented l.y Ur. John ('.ra\ers' I "ni\ersit\- of t'treeht, Holland. 
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Fit;. 148 is a posterior view of a transverse vertical section of a 
face, made in the rei^ion of the first premolar teeth. Besides other 
interesting points, the crown of the canine tooth has penetrated the 
palatal surface of the mouth and the root is \vithin the anterior portion 
of the sinus. Betore the dissection was made, the root was covered 
with a thin lamina of bone. Similar conditions are (jften found, involv- 
ing not only the canine tooth, but also the third UKjlar, and occasion- 




FiG. 140. — An .v-ray, showint;' impacted right canine. 

ally other teeth, which often remain in such pcxsitions for \'ears 
without gi\'ing any troul)le until after middle life, when by natural 
resorption of the bone the crown and rocjt become exposed within the 
ma.villar}' sinus or nasal ca\-ity, at which time they may cause some 
disturbance. 

Fig. 149 is an .v-ray picture gi\"ing anterior view of a dried skull. 
It shows an impacted canine tooth with the crown resting against 
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the ro(jts uf the hrst and second incisor teeth. The roots of the first 
molar appear to he within tlie maxiUar>- sinus, althoir-^h the}' are in 
normal [position. This impression is i)nxluced by the thinness ot the 
lateral walls of the sinuses which only slightly resist the passage oi the 
A'-rays. When a canine tooth is in this p(jsition it should be extracted, 




I'll., l.^ll. -.V-r.i\- ^liou lug .111 iincTlril Mi.i\lll,ir\ Lliinl m.il.Li-. (.V-r.i\ li\ I )r. I'.incoast.) 



as it would pi'oliahh cause (le\il<ilization ol one or lioth ot the incisors, 
and -lioiild liic pulp liccome infccled, the disease iui_ij,ht extend to the 
maxillary sinus. Teeth in this i)osition olten cause serious s\stemic 
troul )le. 

Fi.i;. 150 shows the occluding siu'face of the up]ier third molar 
]:)ointin;j, u]iwaril toward the posterior portion ol the orliit. The patient 
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had been suffering from disturbance of the left eye for a long time. 
Considerable improvement took place in the eye soon after the extrac- 
tion of the inverted tooth. 





Fig. 151. — .An impacted first inci,sor, with the 
crown partly in the incisive toiamcn 



Fig. 152. — An impacted supernumerary 
tooth. 




Fig. 153. — .\n impacted maxillary third molar. A similar condition is found on the opposite side 

of the skull. 

Fig. 151 illustrates an impacted left first incisor, which lies diagon- 
ally across the alveolar process, with the apex of the root near the 
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iiutcr sick' of \hv left anterior nares. The erown passes across the 
incisi\e foramen. lnii)aetion of this kind would more than likely' 
interfere with the true function of the nerws and \'essels passing through 
this foramen. 

Fig. 152 illustrates a sui)ernumerary second incisor im|.)acted imme- 
diateh' helow the Hoor of the n(jse. There was no enlargement of the 
external plates of the incisi\e lossa, the floor oi the nose, or the roof of 
the mouth. The tooth was accidentalh' disco\ered when cutting the 
Ijone transxerseh'. 




•I.,. 154. -V 



I 'liili| 'piiu' -.kiill. --howinL; ;m iiii| Kirtt'i] inaxillarx' third mnlar. 



Fig. i.s,^ exhiliils an impacted and niispUu-ed third molar. The 
o((luding sui'lace ol {\\v molar \\;is t'\en witli the external plate of the 
aKeolai' pi"ocess. the I'oots heing compresst'd and somewhat shorter 
than noinial. A coniplele thin Ia> er of hone made a conical-shaped 
partition between the tooth sockets and the sinus. A similar condi- 
tion existed on the opposite side n{ the jaw. 
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Fig. 154. — Made from the right side of a Philippine sl^ull in Dr. 
Ketcham's colleetion. It shows a similar concUtion of impaction of 
the maxillary third molar to that in the Caucasian skull, Fig. 153. 




Fi(,. IS.T, — Is from the left side of tine same skull as shown in Fig. 154. 






^:k^'/ 





Fk'.. 156. — .\n imp^ictefl niandihular third molar. 

Fig. 156 exhibits an impacted mandibular third molar in the ramus 
of the jaw just below the anterior portion of the mandilular notch, the 
tooth being in\'erted. In this case the capsule of the germ of the tooth 
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Ix'came adlu-R'nt to the walls of the jaw, and lost its position within 
the forniin- cancellated tissue, when the liod\- of the jaw grew d(jwn- 
wai'd and forward. 

Fig. 157 shows a molar tooth in the ramus of the mandible. There 
is a light area around the greater portion of the crown. Teeth in this 
position in the li\ing subject often gi\e considerable tr(juble and their 
existence is \-erN' ditficult to diagnixse without the use of .v-ra^'s. 

Fig. 15S ilJListrates the most common kind of impacted lower third 
uKjlar teeth. The\- often gi\e great trouble by irritating the inferior 
ah eolar ner\e. The\ n\d\ als<j cause an inHammator^' condition in 
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this region, and the cellulitis ma\ extend to the numdibular articulation 
and the base of the tongue. 

Figs, i^ij and 160 represent a similar impaction. In Fig. ifio the 
external i)orti:in of the bone co\ ei"ing the to(jth has been remo\e<l, and 
in Fig. 159 the internal poitioii. In both cases it will be ol)ser^"ed that 
the mandibular ca.nal is encroached upon. It is otten necessary to 
cut a\\a\ a portion of the bone with the surgical engini.' before a tooth 
so situated can be reniox ed. 

I'igs. i(>i a.nd \(>2 ,L;,i\e two \ icw s ol an inii)acted tlnrd molar. In 
big. i()i the tooth is in position as discoxered when the caj.) of bone was 
remoxed ; in big. 162 the tooth is rt'UioN'ed from its socket, showing its 
inner ^^urt;L( i.c Its crypt is also seen. The second molar is a jjulpless 
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Pig. 158. — A common foi'Tii of iiupucled lower third molars. 
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Fig. 160 
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tooth, the i)()stcTior mot of which shows where the impacted tooth has 
pressed against it, (aiisiug resorption of a ]3ortion ot the root until the 
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Fig. 161 










fiG, \(<1 
Frt.s, I(il .iiiil l(i2. -'rH(i \iu\\^ of .111 inip.irircl Idwrr llilnl nmlar. t'r'P:''' fiRure shmvs tooth 
in positiciii; ill lower li;<iirc- i lie I. mill i~ rciiin\ci| tnirn iix ]iiii ko . I'.iri of i lie posterior root of tlie 

'.I'loncl 1.11- h.iN Ih'iii rr-,iirlnil, ixpn^iii^ the root-r.in.il. iiiorr th;iii likc-ly causing the (ie\'italiz- 

al ion nl I he loot 1 1 .iiul I liiis procliieiiiL; iieur.ilgia, iiidiieeil li\ I lie pres-^iire troin the imp.icteil tooth. 



piilp-tanctl was hilly exposetl. The enamel ot the impacted tooth is 
somewhat lost b^• friction against the second molar. The roots of the 
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impacted teeth ha\c a slight curve inward at their points; tlie con- 
ca\'ity iits immediately o\'er the ah'eolar or mandiljular ner\-e, and 
has probabh' caused pain by pressure. The terminations ol the roots 




Fid. 16..V — A-ra\- picture, showing an inip.ictcd second niandiljular prcniolai' tooth. 

{X-YO\ liv Dr. I'fahler.) 




Fir.. 164. — Showing the resorption of the roots ot the first niandilnilar molar (F'ig. 163), where the 
crown ol tlie second premolar had pressed against the roots. 

are not fully formed, the apical openings being large; it will also be 
noticed that the roots of the teeth in the jaw are longer than usual, 
that of the canine, for example, passing below the alveolar or man- 
dibuar nerve. 
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Fig-. 16,:;, fniiii an ,v-ra\' picture, showint; an impacted second right 
mandibular prcmular, its crow n is resting against tlie roots of the iirst 




Fig. 165 




I'll.. 16(. 

Il'.b. 1(1,^ .iiifl ]()(). — Two \ie\\"S i>l an ini|iacli'<l ni.iinliliLil.ir thiril iiiol.ir. In ]^i'^. 1().^ it is in its 

abnormal iiosition; in Pit;. IdO it is taki'ii from its crNpt. 
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molar and has caused resorption of the ends of the nKjts as shown in 
the extracted tooth (Fi^. 164). 

Figs. 165 and 166 rei)resent another imjjacted third molar, situated 
on the inner side of the jaw and ]xjinting shghtly downward. The 
posterior root of the sec(jnd molar is slightly resorbed. I pon uncover- 
ing the tooth and taking it from its crypt, it was found to l:)e incased 
in a thin shell of bone, as though the dental capsule had ossified sepa- 
rateh- around the tooth. The inner portion of the shell is still in posi- 
tion, the nerve and its accompanying tissues are seen passing into 




Fig. 167. — An impacted mandibular third molar, and a mandibular third molar with cur\"ed 
and thickened root, both belonging to the same jaw. The bone is niuclr more compacted than 
normal lione. 



the mandil)ular foramen and immediately under or against the shell. 
Here, again, must ha\c l)een an oljscure cause of neuralgia. 

Figs. 167 and 16S illustrate the right and left hahes of the lower 
jaw. Fig. 167 showing the internal surface of the right half, while 
Fig. 168 shows the external surface of the left half. In the former we 
find the roots of the third molar cur\-ed l)ackward at almost a right 
angle, and enlarged by an abnormal deposit of cementum until the 
independent character of the roots is lost, the two being fused together. 

Fig. 16S shows an impacted tooth pushing directh' against the 
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tooth in front of it. The roots of this to(jth ha\-e also become much 
enlarged by deposit of tenientum, while the surrounding l^one has 
tliickened and grown more C(jnipact. 










Fig. 16N, — .An inipacteil niamliliular ihird nioUtr, ami a iii.Linliliular ihinl molar with curved 
ami ihickened root, lioth belon,i,'in,u' t'> the same j.iw. The bime is much mure couipact than 
normal hone. 




FiG. 169. — A mandible bho\\in;< an in\erled lowe'r Ihu'd molar eruptini; jnlo the right submaxillary 

lossa. (Ur. Whitney.) 
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Fig. 169 gives an illustration where the mandibular third molar 
has become inverted and is erupting into the submaxillary fossa. 

Fig. 170' is from an ,v-ray picture showing impaction of the second 
and third right mandibular molars, it is possible that the third is 
between the first and second molars. 




Fig. 170. — .An .\'-ra>- picture of a ixitient of Dr. ,A. R. Cook, of S\racuse, .\. V., it sliows impacted 

second and third inandiliular molars. 



Extraction. — It would have been almost impossible to extract 
either of the two last-named third molars without fracturing the jaw, 
unless the solid bone over the roots of the teeth had been removed 
first. In a case of this kind, it is much better to use the 
surgical engine bur than to cut or break the parts away with chisel 

' From a patient of Dr. A. R. Cook, Syracuse, N. Y. 
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or forceps. A fracture at this point will cause serious results; the 
imlolnoicl arter\- is lialjle to be lacerated or even severed, and the 
hem(irrha;.^e is difiicult to control. It is n(jt easy to keej) the region 
clean or aseptic, and the consequent intiammation will often interfere 
with free nKnenient of the ja^\'s in dec,'lutiti(jn, speech, etc. The glottis 
e\'en nia}' bec(jme clcjsed. 

Diagnosis. — Impacted teeth are freriuently the obscure or hidden 
cause of ^"arious diseases about the mouth and jaws. There is often 
n(_> external e\idence (if their impaction: i)atients may e\'en claim that 
the teeth which cannot lie seen ha\'e been extracted. 

Impacted incisors are liable to induce diseases of the nose or to 
produce neiu'algia f)\' the tooth pressing the sphenopalatine nerve as 
it i)asses through the incisixx' foramen. Occasionally they cause a par- 
tial separation I.)etween the septum and the nasal floor. Impacted 
teeth may Ijccome either jjartly lodged in the interior meatus, some- 
times causing the closure ot the hjwer jxjrtion ot the nasolacrimal 
duct, or they may lie horizontally across the roots of the incisors, espe- 
cially ol the second, or the njots of the premolars, causing the de\'i- 
talization of these teeth. Impacted uj^per third molars are liable to 
interlere with the ner\'es and \'essels in the floor ol the ma\illar>" 
sinus, near where the>' pass through the superior abeolar fi.iramina into 
the sinus. They may also cause an enlargement ot the tuberosit}' 
(lUtwardly until it interferes with the ramus of the lower jaw, and 
produces a cellulitis which nun" extend to the mandibidcU' articulation, 
causing lalse ankylosis. 

Neuralgia.- -The three imjiacted teeth shown in Fig. 143 caused 
a battling case (A iacial neuralgiii until the\' \\ere found and remo\'ed. 
The |)atient was past middle life and had suftered from neuralgia. He 
had no teeth in the aheolar process of the right maxilla, the region of 
p.iin, almost all ol them ha\dng been extracted in the hope of gi\'ing 
rtliel. dhi; sinus was opened by the late Professor Garretson and 
the writei" in sccU'ch of the CiUise. It was somewhat surprising t(j see 
three crowns iirotiaiding into the sinus, the roots f)eing imbedded in the 
inner anterior angle of the wall ol the niaxillar\- sinus. After the teeth 
were extra( tetl lj\ small lorceps the i)arts were treated in the usual 
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way, with relief and suljsequent cure. The crcjwns were in normal 
shape and quite healthy, the njots more or less defective. The pulps 
were alive, and it is probable that the nerves were impinged upon at the 
points of the roots, thus causing the pain. The writer has seen se\'eral 
cases where a greater portion of the root of a single tooth was found 
within the antrum; but he believes this to be the onh' case where 
three such teeth have been reported. In the lower jaw impacted teeth 
are liable to impinge upon the mandibular nerve, thus becoming a 
hidden cause of neuralgia in this region, which may have its symp- 
toms exhibited almost anywhere along the distriljution of the ner\ es, 
e\entually producing neuritis that may pass back along the ner\-e 
e\-en into the brain. 

Cysts. — Teeth prevented trom passing in their normal course may, 
through the resorption of the bone, advance in ahnost any direction and 
be erupted through the loone e\'en upon its cervical aspect. Impacted 
or supernumerary teeth may also produce dentigerous cj'sts (jf various 
sizes and fc^rms, some of which maj^ cause the cortical portion of the 
bone to be pushed outward until large disfiguring tumors are formed. 
These have sometimes been mistaken for malignant growths, and the 
entire body of the jaw has been remo^'cd on account of this enlarge- 
ment and mistaken diagnosis. 

There is considerable confusion in the nomenclature of tumors 
arising from the dental hjllicle. A dental cyst is understood by the 
writer to be one originating from remains of the embryonic epithelial 
elements of the peridental membrane. These epithelial "rests," as a 
result of septic infection of the tissue, rapidly proliferate, the central 
portions degenerate, and ultimately liquefy, thus giving origin to the 
cystic fluid. A dental cyst is lined with cortical epithelium, which 
in some instances may become ciliated. A dentigerous C}'st is under- 
stood to be a growth brought about l)y tissue changes occurring in the 
dental capsule during developmental periods; as the name implies, 
it contains one or more teeth. 

The .v-rays are the most \'aluable means of diagnosis. In both cases 
the principles of treatment are the same. This consists of evacuation 
of the fluid and solid contents of the cyst, and complete removal of 
13 
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the c\st \\all, which, as ah-each' notech ixirtially or entirely is Hned 
with epithehal cells. If the c\st wall l)e iK^t completely rem<A'ed, these 
epithelial cells will c(jntiiiue t(.) secrete fluid, and may in'oliferate with 
possibly the de\'elopment of a malignant growth. The great majority 
of dental and dentigerous c\-sts can he remo\x'd through the mouth, 
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witJKnit operations on the lact', and without deslro\ing the continuity 
ol the jaw hone, in case (if inNohcment of the niandihle. 

hig. 171 is an x-viiy photograph from the jaw of a child aged Jiine 
}'ears. It shows a retained deciduous set-(jn(l molar at the l)ott(.im of 
the jaw, surrounded l._\ an (noid clear area. This patient had a swell- 
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ing of the left side of the lower jaw for about two years, which grad- 
ually increased in size, causing considerable deformity. 

Examination shcjwed a smooth swelling about the size of a hen's 
egg, with thin, parchment-like walls, covered only by the mucous 
membrane. A diagnosis of dentigerous cyst was made. At operation 
through the mouth the thin shell of bone was found to contain no 
fluid, but a resilient mass of pinkish-white tissue surrounded by a sac 
of darker color. The contents including the soft tissue, the dental 
sac, and the tooth shown in the picture were removed and the cavity 
lightly packed with gauze. The patient made an uneventful recovery. 

Pathological Report. — Cluiractcristics of Tninor. — Size 3x3x3 cur. 

Alaci'oscopic. — Pinkish-^\•hite mass of resilient tissue with villous or 
paj^illary surface, enclcjsed in sac of denser material, (l) premolar and 
(2) temporary molar enfl)edded in wall. 

Microscopic. — Filirocellular stroma, which in i:)laces shows small 
spaces lined with columnar epithelial cells. These cells are much elon- 
gated in places, and the nuclei appear to be situated away Irom the 
connective-tissue stroma, as in the ameloblasts. Here and there, 
instead of a cavity lined In* the ei)ithelial cells, the space appears to 
be filled with stellate reticulum. 
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THE NASAL CAXITV AND ITS ACCKSS(JRY CELLS 

AXD SLXUSES. 

Descriptive Anatomy. — The na^al ca\ities — the internal nose — con- 
sist of two chaml.KTs situated on each side of the mecUan line ot the 
fdcv, e'\len(Hn;^ (.l(j\\"n\\'ard ti'dni the under surface of the anterior portion 
ol the lirain-case su]X-ri( irly, to the upper surface of the bones forming' 
the hard palate inleriorly, cUid from the facial border of the external 
ai)erture ol the n(_)se anteriorly to the free border of the external ptery- 
goid plate posli'riorly. The\' are lined with mucoperiosteum, co^■ered 
with ciliated epithelium; and the membrane is continuous with the 
lining of the ^e^'ercd sinuses, cells, and passageways of this region. 
(_)n the upi)er, lateral, and ptjsterior borders of the nasal ca\aty there 
are ^■arious nuicosa-lined sinuses, cells, and canals, all communicating 
with the ca\ity, tlu' excess of fluids secreted by them passing into the 
nose. Tln' nasolacrimal ducts conx'eying the- excess of fluids from the 
anterior surface of the eye^, the auditor)' tulies communicating with 
the middle ear, and the maxillary sinus, the Irontal sinus, the sphenoidal 
sums, the ethmoidal ctdls, (.'thmosphenoidal (."ells, and the cells belong- 
ing to the orbital ])rocess ol the palate bone, haw their outlets in the' 
nasal ca\ily. The ca\ ities are se'paratcd by a thin [partition ot liojie and 
cartilage, tlu- nasal septum; it opens on the anterior surface l)y the 
anterior nares. The two principal luni~ti(.)ns (_)f the nose ot man are 
conce-rned with respiration and with the special se'use ot (dfaction. 

The miildle meatus ol the nasal ca\ ity l(.>rms the princijile nasal 
passageway lor the air into the respiratory tract, also for the expired 
air lea\nig the hmgs. The u])per portion ol that i)art of the ca^■ity 
loi'uied b\ the I'tlimoid bone contains the beginning of the olfactory 

m^. ,\s it is necessary to their function that these iiarts be kept 
moi-^t, there are numerous pocki'ts in and about them, the lining 
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meml:)rane of which secretes fluids. These fluids pass over the shed- 
like projections of the concha bones into the nose, suppl;>'ing the 
necessary moisture. 

Figs. 196 and 197 are good examples of the nasal cavities showing 
bilateral s^'mmetry. For descriptive convenience it may be dixided 
into roof, floor, and outer and inner walls, the last named being formed 
b}' the medial wall or nasal septum. 

The roof of the nasal cavitA' is long, narrow, and irregular in form. 
It is divided into antericjr, middle, and posterior sections. 

The anterior portion is iormed bA' the under surface of the nasal 
bones and the nasal spine ot the frontal bone. It is concave from side 
to side, and extends inward and upward to the ethmoid bone, at an 
angle of about forty-five degrees. 

The middle portion is narrow, nearly horizontal in direction, and 
is composed of the under surface of the cribriform plate of the ethmoid 
bone, through the openings of which the filaments of the olfactory 
nerves pass between the nasal ca\'ities and the brain. Beside the 
numerous openings there are slit-like foramina, which give passage 
to the nasal nerves and xessels. The cribriform plate, on account 
of its thinness, its sieve-like construction, and the j^resence of the 
slit-like openings, affords but a slight partition between the nasal 
cax'ity and the anterior portion ot the brain-case. 

The posterior portion of the roof of the nose is the longest of the 
three parts, and extends fnjm the p<jsterior extremit}- of the cril)riform 
plate obliquch" downward and backward to the free margin of the 
internal pterygoid plate. It is composed (jf the b(xly of the sphenoid 
l)one and the alas of the A'omer. 

The floor of the nasal cavity extends from the external opening 
anteriorly to the pharyngeal space posteriorly. It is smooth, and 
concave from side to side. The bony structure is C(_)mposed, anteriorly 
of the intermaxilla, medialh' of the palate processes of the maxillae, 
and posteriorh' of the horizontal i)late of the palate l)one. The naris 
are made uj) of cartilage lined with mucous membrane, and form the 
vestibule of the nose. In the normal nose, the floor joins this on the 
same plane and gradually slopes downward and backward (see Fig. 301). 
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Occasionally there is a depression immediately back of the union of 
the bone and cartilage. The floor often varies in its relati\-e position 
to the other structures. It is seldom on the same le\x4 as the floor of 
the maxillar;^' sinus; it ma>' be on either a higher or a lower plane. 
Examples of these variations are seen in the sections shown in Figs. 261, 
262, 263 and 264. 

Tlie nasal septuui (medial wall) forms the inner walls of the nasal 
cavities. It consists of six bony structures, named in the order of their 
importance — viz., the \'ertical plate of the ethmoid, the vomer, the 
crests of the maxilhe and i)alate bones, the rostrum of the sphenoid, 
and the nasal spine of the frontal bcjne. These bones do not form 
the septum completely, but leave a triangular notch in the anterior 
portion, which is filled up with cartilage. 

Septal Spurs. — In Figs. 195, 196 and 197 it will be seen that the 
nasal se])tum is nearh' \ertical, without a l)end or a nodular process or 
"spur" u])on it. It i.s conuuonly thought by rhinologists that a straight 
septum is unusual. This would seem to be an error, probably due to 
the fact that the great majorit}' of the noses which they examine are 
abnormal. It is ciuite true that in many cases the septum is more or 
less deflected t(^ one side or the other, assuming a central position onh' 
as it i)asses d<jwn\\"ard and nears its c(jnnection with the floor of the 
ca\-ity. On the con\ex side ot the cur\e in these cases a ridge or pro- 
cess is often found which is called a "spur," and which may extend 
quite o^•er and come in contact with the external wall or the inferior 
concha (sec Figs. 262, 263, 281, 292 and 293). 

Nasal Meati. — The latt'ral wall is the most extended, irregular, 
tUid complicated [portion ol the nasal hjssa. It \'aries, jierhaps, more 
in its geneial fonuation than any other pc^rtion of the body of 
like size, and is cori'i'sjjondingly diftitiilt to treat surgically. Se\'eral 
l.)i)nes Ciller iiiti> its fijrnKitii^n on t'ach side — \iz,, the nasal, maxillary, 
lacrimal, (.thnioid, inferior nasal concha and palate bones, the pter}- 
goid ])rocess, and the bodx ol the si)henoid bone. B\- the projection 
ol the ink'rior nasal (oncha and processes of the ethmoid bone, the 
wail is divided info sex'eral almost horizontal comi.)artments known 
as meati. The anatomical works generalh' name three meati — the 
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inferior, the middle, and the superior. Zuclverkandl, however, says 
that about 6x0 per cent, of the skulls examined by him have had four 
meati. The writer has found about 60 per cent., with four meati in 
the skulls of which he has made sections (see Figs. 173 and 285). 
In many cases there are live, and in one skull six were found. 
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Fig. 172.- — Latc'ral wall of a left nasal ca\-it>'. 

Figs. 172 and 173 give a general idea of the arrangement of the 
outer walls of the nasal eavit}'. The upper portion, or all of that 
whieh belongs to the ethmoid bone, is assoeiated with olfaction. The 
ends of the ner^'es, usually called the terminals, have their origin 
over this region; they also are distributed over the upper portion of 
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thu sr])tuni and the roof of the nuse. The hhers converge as they 
pass upwcuxl tu form the lihmients, and then thr(jugh the A'arious fora- 
mina in the cribriform plate of the ethmoid Ijone enter the oUactory 
l)iiU;). The \ari(.)us meati have communications with the maxillary 
sinus and other air spaces which are formed in the bones ot this region. 





.1 B 

I- II.. 173. — LaUi'al w.ills ul the nasal i'a\atiL'3, each sliowin;; luur meati. 




Ilij. 174. — Lateral \\all>(il Li;<lil ami lell nasal ca\'ities, witli large sijhenuiJal sinuses, B, ha\ing 

lour meati. 



Fig. 174 gi\"e^ a \ i<'\\ ol the lateral \\ alls ol the nasal ca\'itA' ot the 
same -.kiill as Figs. 215 and 216, The s])hen<iidal sintis extends later- 
alK' until ii lurms the ca\ it)- posterior to the maxillary sinus. In Figs. 
217 and 21N ii will 1 x- (ifiser\-e(l that the large sphenoidal sintis extends 
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well torward toward the frontal bone and backward toward the basilar 
process of the occipital bone. 

Inferior Meatus. — The inferior meatus is situated between the 
inferior nasal concha and the floor of the nose. It is much longer than 
the others. 
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Fig. 175. — Anterior \ic\v ot a \X'rtical trans\'erse section of flie right side ol lace. 

Nasolacrimal Canals. — The nasolacrimal canals, which are tor the 
accommodation ot the nasolacrimal dncts, ha\e their origin in the inner 
anterior lower angle of the orbits. The superior orifices commence 
between the nasal processes of the maxilhe and the lachrimal bone. 
From this point the canals extend down and terminate in the upper 
portion of the inferior meatus of the nose (see Figs. 175, 176, 177, 178 
and 179)- The direction of their descent varies considerably in different 
subjects, and even in the same suliject. They usualh" pass backward. 
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and when the maxiUary sinus is large and the nasal cavity narrow, 
the direction may be inward; where the maxillary sinus is small and 
the nasal cavity wide, the direction is likeh' to be outward. In 
exceptional cases it is slighth' cur\'ed. The duct may have a valve 
composed of mucous membrane at its lower extremity. 
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Hard [lalate AUei.lar process 
tiG. 176, — Po.sterior \iew n( a \'ertical section cut I'roin the front of Fie;-. 175. 

Fig, 175 alfords an anterior \ iew of a .section cut \-ertically or 
l(jngitudinally tln'ough the nasolacrimal duct, showing its posterior 
portion as it ])asses from the orbit downward within the wall, separating 
the nasal ( axily from the maxillary sinus, the duct terminating in 
the ui)per i)ortion ol the inferior meatus. On the upper right corner 



NASOLACRIMAL CANALS 



203 



is the frontal sinus. To the left of this is the orbit. In the centre of 
the wtiU between the orbit and the maxillary sinus will be seen the 
infra-orbital canal, and below it the maxillary sinus, which in this 
case is very large. In the upper portion of the nasal cavity is seen the 
middle nasal concha, below which a cord has been passed from the 
middle meatus through the ostium maxillare into the maxillary sinus. 




posterior ethmoidal cells 
Orbit 



Middle meatus 

, ^jmmmmm^^^^^^^^^^-^ -■^^>.' .^^m. Middle iiasal concha 
Maxillary sinus- ' ^^ 

Xasal septum 

Inferior nasal concha 

Inferior meatus 



Alveolar process 
Fig. 177. — ."interior view of \'ertical section cut posterior to that shown in Fig. 176. 

Fig. 176 is from a vertical section, cut transversely just within 
the infra-orbital ridge. In the upper portion is the anterior wall of 
the frontal sinus, on the left side is the middle wall, and to the right of 
this is the nasal cavit^'. The anterior half of the nasolacrimal duct, 
shown in the previous illustration, will be seen to commence at the 
inner angle of the orbit and terminate at the inferior meatus. 
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Fig. 177 is from a se'ction near the posterior wall of the maxillar}' 
sinus and the orljits, from the same sul)iect as Figs. 175 and 176. It 
A\ill be noticed that the wall of the maxillary sinus is very thin. At 
the up]K'r right corner are seen the posterior ethmoidal cells, below 
which is the nasal cavity. 

Fig. 178 is from a secti<jn showing the greater portion of the upper 
jaw. The u])per boundary' is on a le\'el with the middle of the orbits. 
Two sounds passed down into the nasolacrimal ducts indicate that 
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l-K.. I7.S. — Section slir.\\in;< Lhi- ^rcaLfi' i">ui'tion of the upper iaw. .S', .S, sounds ])asse<] (]u\A"n the 
nasolacrimal ilucts, sliowiiit; that ihey do nol pa^s at the same anyie. The illustration also shows 
an impacted canine tooth, ihor desiri|ition see pa:.;e 177.") 



tile ducts [KISS oulwardK as they descend int(.> the upper part ot the 
inferinr meatus. It will be obst-r\ed that the right duct has a greater 
outward deflection than the leit. 

The horizontal line abo^■e the rotjts ol the teeth and below the 
z\goma makes a di\ ision ol the section just abo^'e the floor of the 
nasal ca\ it\-. The under surhice ol the ujiper portion is shown in 
Fig. 179, which affords a \'iew ol the surlace ol the inferior cont'ha 
from Ijelow, with the lower orilices ol the nasolacrimal duct. It also 
shows the lower edges (.)l the middle and superior concha, and the 
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roofs of tlu' antra. Attached to the njof of the riij,ht maxilhiry sinus 
are two al)normal l:)ony growths generally known as osteoph^'tes. 

The middle meatus is situated between the lower i)ortion of the 
concha of the ethmoid bone and the inferior concha, and forms 
two-thirds of the posterior portion of the outer wall of the nasal 
cavity. This is the most important meatus, as it is the principle nasal 
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Fig. 179. — Horizontal section, showing the under surfaces of the inferior concha and the outlet of 

the nasolacrimal duct, 

passageway of respiration, and is subject to more variations in its 
anatomy, physiology', and pathology than are all the others. It has 
anatomical communications with the frontal and maxillary sinuses, 
and with the anterior and middle ethmoidal cells. In order to study 
this meatus and its relations, it is necessary to make a number of 
sections of the parts with all the tissues in place. By removing the 
middle concha, the structure of the parts is brought into ^aew. 
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Fi;^'. i8o shows the ()ut(_'r wall of the nasal ca^■it3• with the internal 
wall of the middle concha of the ethmoid bone cut loose and turned 
up, affording a good idea of the normal anatomy of this region. The 
trontal sinuses are exposed. In the illustration the right frontal sinus 
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extendi oxer llic left side of ilu- nu'dial line. TIil' open space inime- 
diaU'ly l)cl(»\\ tlii^ i^ llic lift fr<nUal sinus. The ])artili()n between these 
sinuses in >nnK' phucs is tliin. dlie lower ])()rti()n ol the leit frontal 
sinus i^ lunn(Tshai)ed. This (>i>e'ns into a passai;"e leading into the 
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middle meatus, the funnel-shaped portion and the passage being 
commonly called the infundibulum. This illustration also gives a 
good idea of the nasal surface of the partition between the maxillary 
sinus and the great extent of the mucous-lined sinuses and cells that 
are so directly related with it. When these pneumatic spaces become 
diseased, it is almost impossible to keep the sinuses in hygienic condi- 
tion, and when the infection reaches them, they are much more diffi- 
cult to treat and drain than when the disturbance comes from the 
teeth or alveolar process. 

Hiatus Semilunaris. — The infundibulum is often included in the 
part which has been named by Zuckerkandl the hiatus semilunaris, 
and which extends fnjm the frontal sinus to and through the middle 
meatus in the form of a semicircular grooNe or cleft along the outer 
wall (jf the meatus. It extends d(nvnward and backward in a curved 
direction, being horizontal in its posterior portion, and terminates 
a little behind the centre of the nasal cavity. At its commencement 
it is narrow, but it widens as it passes downward and backward, its 
widest part being at the Ijottom and near the opening between the 
maxillary sinus and the nasal cavity (ostium maxillarc). Besides 
the opening of the trontal sinus into the hiatus semilunaris, there are 
openings from the anterior and middle ethmoidal cells, and from the 
maxillar}- sinus. Its inner boundarA- is falciform in shape, and is 
composed of the uncinate ])rocess of the ethmoid bone with mem- 
branous tissue, forming a shield or guard to the opening of the maxil- 
lary sinus, to prevent foreign substance from passing into it. 

A "sound" cannot be i:)assed from the nasal cavity through the 
ostium maxillare into the maxillary sinus in a normal li\"ing person. 

The superior meatus is shallcjw, and is shorter than the inferior 
or middle meatus. It is situated between the superior and inferior 
concha masses of the ethmoid bone, and in the articulated skull between 
the superior and middle concha. The cell situated in the orbital pro- 
cess of the palate bone, the posterior ethmoidal cells, and the sphenoi- 
dal sinus all have their openings into this meatus when there are but 
three meati, but when there are four, the posterior ethmoidal cells 
and the sphenoidal sinus have their openings into the fourth or superior 
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meatus. If there are fi\e meati the sphenoidal sinus usually opens 
into the hfth. In other words, this sinus has a tendency to open into 
the highest meatus. 

The fourth or superior meatus of Zuekerkandl is formed b^' an 
infolding of a portion of the eoneha similar to that of the third or 
superior meatus, though smaller in extent. When the fourth meatus 
exists, the fluids of the i)osterior ethmoidal cells and those from the 
sphenoidal sinus ]iass thrnugh it to reach the nasal cavity. 

The occasional fifth meatus is formed similarly to the third and 
fourth meati l)y an infolding ol the ui^per portion of the ethmoid 
mass. In such cases the fluids trum the sphenoidal sinus j^ass through 
it instead of into the fourth. 



PATHOLOGICAL CONDITION OF THE NASAL CAVITY. 

Pathological Conditions of the Bulla Ethmoidalis. — Through patJw- 
loij^iciil iiicrcdsc i)i the size of the hiilhi cthnioichilis, disturljances may be 
caused in the anteri(.)r and superior portion ot the nasal cavity, in the 
frontal sinus, and maxillary sinus, for by its enlargement toward the 
median line it ])resses toward and against the septum cjf the nose, 
cl(jsing the space of the nasal ca\'it\'. It this enlargement is do^\"nward 
it presses more upon the unciform process and into the hiatus semi- 
lunaris, closing it and jirex-enting the ])assage of fluids from the frontal 
sinuses and the anterior ethmoidal cells into the i)Osterior portion of 
the middle meatus, and forcing them to enter the maxillary sinus. 
Through general inflammation ol the parts there may result an excess 
of fluids which cannot lind exit. This would interfere with the Natality 
of the teeth through pressure up(_)n the ner\es and Nessels passing 
through the niaxillar>- sinus. It would cause a feeling of fulness of 
all the anterior cells, as well as the frontal sinus, and might even set 
up disturbance in the anterior i.)ortion of the lirain-case. 

A \iew of the nasal septum as seen from the left nasal ca^'ity is 
shown in Fig. i.Si. An oi^ening in the septum exposes to view the 
Ijulla ethmoidtdis and the ethmoidal cells. This opening resulted from 
resorption caused b>' pressure due to the deflection of the septum and 
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the enlargement of the bulla downward near the unciform ])rocess. 
We have here illustrated an example showing how enlargement of this 
structure ma^,- be an important factor in causing various diseases of 
this region, including thcjse of the maxillary and frontal sinuses. 

Fig. 182 gives a view of the same subject as Fig. 181, from the same 
direction, but wath the septum removed, exposing the inner surface 
of the outer wall of the right nasal cavity. Of the two openings into 
the maxillary sinus as seen in this picture, the anterior one is normal, 
the posterior is pathological. This abnormal opening and the loss of 





Fig. 181 Fig. 182 

Fig. 181. — The left side of the medial \\a\\, showing a pathological opening opposite the 

bulla ethmoidalis. 

F'iG. 182. — Same specimen with the septum remo\-e(l, showing abnormal opening into the 

maxillary sinus. 

the greater portion of the middle concha were caused by resorption 
clue to the pressure of the bulla ethmoidalis before referred to. 

The effect of blocking up the hiatus semilunaris, causing the 
secondary or associated openings between the sinus and the nasal 
ca^•ities, is also shown in Fig. 185. 

Figs. 183 and 184 show two pictures from the left side of the same 

skull shown in Figs. 181 and 182. In Fig. 184 the middle concha is in 

position. The abnormal opening into the nasal cavity, seen near the 

■centre of the picture, was probabh' the result of the closure of the 

14 
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hiatus semilunaris, shown in Fil;. 1S3. In this the middle and a portion 
of the superior concha arc cut loose and turned upward, to expose the 
bulla ethmoidalis extending downward and closing the hiatus. This 





t'ic. 1S3 



Fir,. 1S4 



and 182, 
specimen 



18. 1 and LS4. — Two pictures nl the left nasal ca\"ity troni the same sutjject as h ii;s. 181 
sho\vin;< a pathological opeiiini; into the iiia\illar\" sinus in Fig. 184. Fig. 18,i, the same 
as Fig. 184 with a p(irti(in ol the middle and superior conchas cut loose and turned up. 




.fj\l>'f'\^yi:< 



Fn-.. I8.S 



Fn,. 18(1 



Fli.s. 18,s ami I8(>. - .\nteri)poslerior sections, l-dg. 185 through the nas.il ca\-it\-. Fig. 186 through 
the niaxillar\' sinus. The lormer shows a di\idcd Inilla ethmoidalis, the latter shows two ostia 
maxillaria, (.me lieing pathological. 

closiu'c would compel the fluids from the frontal sinus and the anterior 
and middle ethmoidal cells ttj pass into the maxillary sinus. 

Figs. 1.S5 and ].S6 show Iwo anteroposterior sections from another 
skull in wliich tht' bulla ethmoidalis has become enlarged. Fig. i86 



PATHOLOGICAL CONDITION OF NASAL CAVITY 



211 



has the outer wall of the maxillary sinus removed, showing the inner 
wall with two outlets at its upper margin. The anterior opening is 
the normal ostium maxillare. The posterior one is pathological and 
similar to those shown in Figs. i8i, 1S2, 1H3 and 1S4, but in this case 
the opening is nearer the roof of the sinus. Fig. 185 is cut from the 
inner side of Fig 186. 

Figs. 187 and 1.S8 illustrate the same sections as Figs. 185 and 
186 with Fig. 188 turned round to the left side of the other. The 
illustration affords a view of the nasal cavity divided through the 
hiatus semilunaris, the bulla ethmoidalis, and the posterior ethmoidal 
cells. Fig. 188 shows the lateral wall of the nasal cavity with a greater 




Fig. 187 Fig. 188 

Figs. 187 and 188. — Anteroposterior sections, cut apart tliroutjli tlie frontal sinus, tlie hiatus 

semilunaris, tlie bulla ethmoidalis, and the [josterior ethmoidal cells. 

portion of the conchte remo\'ed. Fig. 187 shcjws the septum of the 
nose. The two together give a \'er}' clear idea of the character of 
the hiatus semilunaris and the Inilla ethmoidalis. In this case the 
bulla is very large and extends downward and forward, closing the 
hiatus. The illustration is taken from a dried specimen, showing an 
incomplete closure, which in the recent state must have been complete. 
This would ha\'e caused the fluids from the frontal sinus and the eth- 
moidal cells anterior to the closure to be directed into the maxillary sinus, 
as the ostium maxillare is also anterior to the bulla ethmoidalis. The 
maxillar}' sinus would become engorged with these fluids, which would 
naturally make their way through the walls in the direction of the 
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least resistance — in tliis case at the abnormal (jpening shown in 
Fig. i86. These sections also illustrate a condition sometimes met 
with, when the hard palate is unusually flat. In such cases the 
floor of the nose, instead of being horizontal, is depressed about the 
middle, gi^•ing a conca\it>' which affords a lodgment for inspissated 
mucus. The same condition may also occur in the floor (jf the nose, 
when the inferiijr meatus is occluded, as shown in Fig. 262, and is 
also found in other spaces in and ajjout the nasal ca\-ity. Collections 

.1 











Fk;, IS*^). — A shows the roof of tin- nasdl (•a\il\- and the maxillary sinus, B shows the floor of the 
anterior fossa of the- hrain-iasc ami pari ol llie fmntal sinuses, to one (if which there is no foramen 
of exit. 

of this character often produce irritation of the mucous nieml;)rane 
interfering with the nourishment ot the bone Iteneath, and at times 
causing a necrotic condition. 

Occlusion of the Outlets of the Frontal Sinus. — In Fig. 1S9, B shows 
a liorizontal section tln'ough the anterior tossa' ot the lirain-case and 
ihnjLigli the frontal sinuses, Irom one ol which there has been no tora- 
meii ol exit, an example ol unilateral occlusi(jn. A A'iew of the roofs 
ol the maxillary sinuses and ol the nasal caxit}' is giwu in T. 

The section shown in Fig. 190 is made from the same subject 
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as Fig. 189, one inch below B. It exhibits the downward excava- 
tion which has occurred in the occluded sinus. In the lower surface, 
A, is shown the excavation extending in the direction of the nasal spine. 
There are marked irregularities in the ethmoidal cells of the two sides. 
Fig. 191 also illustrates unilateral occlusion. This section displa^^'s 
the floor of the brain-case, showing a perforation at the point indicated 
by the thread passing through it. It is reasonable to suppose that 
the retained fluids have burrowed through the cribriform plate, causing 




Fig. 190. — Horizontal sections in same suljject as Fig. 189, sliowing surfaces cut through the middle 
of the orbits and the u|)per jjart ol tlie n.isal ca\'ity. 



the perforation. The crista galli in the specimen, although not clearly 
shown in the picture, is bent downward until almost flat by what 
has evidently been a cyst or tumor within the brain-case in this region. 
Unfortunately, the writer was unable to obtain antemortem or clear 
postmortem notes of these two cases. It might be supposed, however, 
that the patients presented cerebral symptoms. In confirmation of 
this idea, there was evidence in the condition of the skulls that there 
had been a postmortem examination of them. 
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Fiy. Kj2 is lioni the seimc specimen as Fi^- I9i- It sh(nvs the effects 
(if the eiicnjachnienl uf tlie inflammatory and necrotic condition upon 
the internal wah of the orf)it. 








Fi(".. 191. — Ilorizonlal ^urtion, showiiit; ilic lliii>r of tin- aiUiTior fossa ot the brain-case and part 
ol tin- frontal sinuses. 'I'lie rii;]it sinii^ liafl no outUi inlo tlie liiatus seniilun.iris, l:iut liad an outlet 
into the anterior loss.i ol (he brain-case. 



^^m^ 




I'ii-;. 193, from ihe same si)ecimcn, shows a horizontal section made 
ihrou.uh the ethm(.)idal cells, the nasal fossa-, etc., alon.u, the line indi- 
cated in Fi.L^. I(j2. The two Ictces of the specimen sliow clearly the 
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br(jken-down condition produced in the track of the disease. The 
abnormal arrangement of the cells becomes especially apparent when 
compared with the typical arrangement shown in Figs. 257 and 258. 




Fig. 193. — From the same subject as Figs. 191 and 192. Horizontal division throui;h tlic orbits 
and ethmoidal cells, showing the diseased condition of these cells. 



Obstruction of Fluids. — There is a fundamental law of surgery 
that, wherever an obstruction of aiw of the passages within the body 
exists, it should be removed, and if jDossible the course of fluids be 
reestablished in their normal channels or conduits. If the hiatus semi- 
lunaris, which is the outlet of the fluids of the frontal sinus, becomes 
closed in any portion, or at the inlets, b}' bony or other growths, it is 
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-(jod and proper surgery to rem(j\'e this obstruction. If the fluids 
from the various sinuses and cells are allowed to accumulate in the 
maxillary sinus without an opportunity to escape back into the nasal 
caxity, through a pathological <jr surgical opening, the teeth and 
their ah'eolar processes are liable to liecome involved. 

The mouth should b)- all means be kept free from foul discharge, 
and such proper surgical ])rocedure instituted as will restore the natural 
outlets with(.)ut infecting thi' oral ca^•ity, as Ijy the action of mastica- 
tion, se])tic fluids become mixed with the food and are thus distributed 
through the alimentary canal to infect the entire system. 



CHAPTER VI II. 

THE MAXILLARY SINUS. 

The maxillary sinus iantrimi of Iliglnuorc) is situated in the body 
of the maxillfe, and is the largest air space associated with the nasal 
ca\'ity. It varies in shape, size, and in the thickness of its walls, accord- 
ing to age, race, and the presence or absence oi teeth and tooth-germs 




Fig. 194. — A horizontal section of face cut just al)ove tlic floor of the nasal ca\-ity. 

within the iaw. It is lined with mucoperiosteum surmounted b},' ciliated 
epithelium. The typical sinus is pyramidal in shape, the apex being 
toward the zyomatic bone — into which it may extend (see Fig. 271) — 
and the base toward the nasal ca^•ity. Its size and form var\- in different 
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sulijc'Cls, and c-wn in the two sides ol tlie same subject (see Figs. 263, 
264, 265 and 266). In rare cases, it is lacking (jn one or both sides 
(see Fig. 194). 

Fig. 194 shoAvs two horizontal sections. The lower (jne giving a 
good x'iew of a wry wide floor of the nasal ca\'it3\ The upper one 
showing the walls of the nasal ca\ity, the concha Ijones and the septum. 
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( )n \\\K- right side there is no maxillary sinus and on the left the sinus 
is \'ery small, thus accoimting lor a a\ ide nasal ca\it\\ 

Fig. J 95 is a \iew of the skull of a fully de\ elojied eml)ryo.^ It is 
a iransxerse section cut \frlically just within the floor .jf the orbit. 
In the upper poiiion are seen two oi)enings into the brain-case with 
the crista galli and lalx cerebri between theiu, below which is the nasal 
ca\ it^- with its septum. Projecting from the outer wall of the cavity 
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are the middle and inferior eoncha. In tine middle meatus may be seen 
the unciform i)rocess passing upward and a little inward fnmi the 
base of the inferior (-(jneha. At the outer side of this is the passageway 
known as the hiatus semilunaris, into which the ostium maxillare 
passes from the maxillary' sinus, which is very small at this period of 
embryonic life. 

Development. — The de\elopnunt of the sinus begins about the 
fourth month of intra-uterine life b>' an in^-agination of the lining 
membrane of the nose from the hiatus semilunaris into the body of 
the maxilla. Fnjm the time of the invagination until the eruption of the 
permanent teeth, the greater portion of the maxilla is occupied by 
the dental organs (see Fig. 137). As the invagination progresses, the 
cancellated portion of the bone undergoes resorption. This resorption 
of the internal portion of the maxilla is continued in a \ariable degree 
throughout lite, imtil in old age the walls usually l)ecome exceedingly 
thin, as shown in Fig. 203. In some cases the decalcification and 
resorption are carried t<j such an extent that the entire bone is thinned, 
and an ordinary lancet l)lade can be easily passed through the wall 
into the sinus, (jr the entire substance of the bone maA' be resorbed in 
places, leaA'ing nothing but the mucoperiosteum at these points. As 
this process goes on, the roots oi the premolars and molars within the 
walls are approached, until in many places the points of the rcjots are 
covered only by a thin lamina of bone (see Figs. 202 and 203). Fven 
this, in rare cases, may be lost, leaA'ing only the mucoperiosteum as 
a root-covering. 

At first the sinus has a spheroidal sha])e, Init it eventually ap- 
proaches the pyramidal form. Its walls are i\\'e in number, the inferior 
or floor, the anterior or facial, the posterior or z]y'gomatic, the superior 
or roof, and the proximal or nasal. 

Fig. 196 is an excellent illustration of a transverse bilateral section 
cut A'crtically through the anterior portion of the orbit, the maxillary 
sinus, and the first molar of each jaw, dividing the eye just in front 
of the crystalline lens. In the ui)per portions of the nasal caA'ities are 
seen the middle ethmoid cells. At about the centre of the floor of the 
orbit and the roof of the sinus, which is very thin in this case, will 
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l.)c lound the infra()rl)ital canal as conmKjnly described, and below, 
the nearh' pyramidal ca\it>' of the niaxillary sinus, with a^ partial 
septum crossing trans\ersely from the inner to the (Uiter wall. 
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I Iij. 196. — Anlrrior xicu nl .[ xcrlii.il ll',[ns\■^.■r^e sectinn of tlu- hr.iil, showini; the rulations of tfie 

jaws, and iiiilicaliiic ific |iusili(iiis ul tin,- Cdiirh.r, antra, etc. 

Ill \\m: l.)\\rr an-ic of ilvj left sinus can l.K' seen the anterior buccal 
ronf ol the second molar, while on the inner \vall is a [Kjrtion of the 
])alal;il root ol the hi'st mohir. The palatal root of the right hrst 
UKjlcU- is easily seen passing well up in the inner wall of the sinus. 
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The central portions afford excellent views of transverse sec- 
tions of the nasal cavity. The septum in the centre is unusually 
straight. Above the septum is the crista galli, to which the falx cerebri 
is attached anteriorly. On each side of the septum, at the upper 
attachment, is the roof of the nasal cavity, below at a little distance 
are the middle ccjnchie, and, on the outer wall, are the inferior concha. 
The superior conchas cannot be seen in a section cut in this region, as 
they are situated farther back in the skull. 



Ostium 
maxillare 




First :nr)lar First mcilar 

Fig. 197. — Posterior \'ie\v of \-ertical trans\'erse section of the head Ironi the same skull as P^ig. 1Q6, 
showing the ostium maxillare, which is indicated on each side by a cord passed through it. 



Fig. 197 represents the anterior portion of the same skull shown 
in Fig. 196. At the anterior superior angle of the maxillary sinus is a 
cord marking the passage (ostium maxillare) from the sinus into the 
hiatus semilunaris. In the floor ot the maxillary sinus will be seen the 
sei)tum referred to in the description of Fig. 196. On the left side 
will be observed the palatal and anterior buccal roots of the first molar 
in the outer and inner walls of the sinus. The positions of these roots, 
as shown here and in Fig. 196, are ^•ery interesting from a dental 
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standp(nnt. The cxtracUDn of trc-th ha\in;< roots in such ])Ositions, 
if not carefully done, niii^ht earn' aAva\' parts ot the floor of the sinus 
(see Fiu,s, 231, 2;'-y2 and 2^-,;\), or in case of Ijreakat^e in extracting', the 
roots could easily be forced into the sinus by injudicious use of the 
forcei)s. Also, In' using' too much iorce in ]:)lacing artificial crowns, 
the floor niiciht ])<_• fractured. 




ii-.l skull. 



In the majorily of the skulls lielonging to the white races, roots 
of the niolar tt'ctli pass up int(j the walls of the maxillar}' sinus, being 
co\ ered al the ]ii)iiU w hi^re they a])i.)r(jach the siu'tace h\ a thin conical 
l)ortion ol 1 )on(.'. 

Fig. 191S is from a radiograijh of the anterior portion of the face, 
showing two large Irontal sinust-s. Two wires ma\' be seen passing 
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downward thrcjugh the (jstium frontalis int(j the hiatus semilunaris, 
and then into the maxillary' sinus, by the ostium maxillare. The 
infra-orbital sinus and the inferior and middle conchaeare seen, also two 
large cells between the plates of the latter. 

When the maxillary sinus is large early in life, and extends down- 
ward into the region of the roots of the teeth, it prevents their normal 
development in shape and position, the roots grow curved and in the 
case of molars, are compressed (see Figs. 202 and 203). After early 
middle life, as the dentine forms, the pulp canals become more or less 
narrowed until the nerves are impinged upon, causing pain (neuralgia). 

Fig. 199 is an .v-ray picture of a large maxillary sinus, showing that 
it has ai^parently extended downward between the roots of the second 
premolar and the first molar; from the shape and positicjn of the roots, 
especially of the first and second molar teeth, it is e\ident that the 
sinus was over size before these teeth were developed. In this par- 
ticular case the patient suffered from severe neuralgia of the upper 
jaw. The .v-ray showed the condition, and after removal of the first 
molar the pain subsided. 

Fig. 200 sIkjws a section similar in character to Figs. 196 and 197, 
but from a negro skull. The greater thickness of the floor of the 
maxillary sinus, and the position of the roots of the teeth are note- 
worth^-. In the negro race the walls and the floor are much thicker 
than in the white; theretore, as a rule, the roots of the teeth do not 
pass up into the wall, or even near the floor of the sinus. 

Fig. 201 is an illustration of a tooth which has been jjerforated 
b},' a drill while in the mouth, the operator supposing his drill was 
passing up the palatal root, instead of which it passed through the 
pulp chamber, the base of the crown, the alveolar process, and into 
the maxillary sinus. It will be observed that in extracting it, a portion 
of the floor of the sinus has been brought away with the tooth. At 
the time of extraction the patient was suftering from empyema of the 
maxillarA' sinus. 

The Floor. — The floor of the maxillary sinus is somewhat triangular 
in its general outline, and is usually uneven, owing to the presence 
of partial septa and conical elevations over the roots of the various 
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tcL'th. These elevations are foiincl o\-er the roots of the molars, some- 
times o\'er th(jse of the premolars, and less frequently over those of 
the eanine teeth. As a.ge ach'ances and the teeth underlying" the sinus 
are lost, the floor l>ecomes comparati^•el^• smooth. Septa may extend 
to various heights trans\ersely troni side to side or anteroposteriorly 
(see Figs. 205 and 206), forming deep pockets between them. The 




Fig. 109.-— Shiiwiii;.; w Iktc a nia\illar\- sinus has \>ve\) lari;u at thi- liiiH'of the (le\'e!oping ot the roots 
tif scri'iiil priTiicilar aixl lii-sl ami second moUir teeth. (.Ymvi\- liy Dr. Pfahler.) 

floor ol the sinus may descend between the rtjots ot the molar teeth, 
as shown in Figs. 196 and 197. It may also descend between the 
teeth (see Fig. 199), a condition nuich more common among the white 
races than among negr(.)es. In the negro's skull these elevations over 
the roots of the teeth arc seldom found because of the greater thick- 
ness of the bone, so that the floor of the sinus in the negro is usually 
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smooth. The floor is concave from side to side and slightly so in the 
anteroposterior direction, as illustrated in Figs. 175, 200, 236 and 237, 
having thus a basin-like form, and being usual!}' below the \e\Q\ of the 
nasal ca\'ity (see Figs. 295 and 297). 

The Anterior Wall. — The anterior wall is almost a square with 
rounded corners. It is smooth, with a slight depression, which varies 
according to the position of the passage of the infra-orbital canal or 
tul:»e, as shown in Figs. 223 and 230. Occasionally the roots of the 




Fig. 200. — Anterior view ol a vertical trans- 
verse bilateral section ot a negro skull, showing 
a deep alveolar process. 




Fig. 201. — Tooth which has been incorrectly 
drilled through while in the mouth. 



canine and premolar teeth are found in this wall. In infancy it con- 
tains the follicles of the anterior teeth (see Fig. 107). The anterior 
dental canal, for the accommodation of the superior alveolar nerves and 
vessels, passes from the sinus into the wall to reach the anterior teeth 
except the incisors (see Figs. 229 and 230). The reason this canal is so 
high up in the bone is that the apices of the roots of the teeth, espe- 
cially the canines, before eruption or during development and growth, 
are situated high in the bone. As the teeth descend to their positions 
in the arch, the nerves and vessels are extended, and the bony tissue 
b5 
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closes around them, Icaxing for their accommodation a canal along the 
track traveled b^' the teeth. 

The Outer Wall. — The outer wall of the sinus is more or less 
triangular and concave on its inner surface; the concavity may extend 
into the zygomatic bone (see Fig. 271). The wall also extends upward 
and outward in a slightK' curved manner. The surface maybe broken 
up over the Iniccal roots of the teeth, as shown Fig. 203. The plate 
of bone forming the outer wall v'aries in thickness and densitv- and 
tmclergoes changes in this particular at different i)eriods of life. In 
childhood the dental organs ot the up]X'r jaw, befcjre eruption, are 
located in the outer or anterior wall or in the fl(jor of the sinus. 
Fig. 195 demonstrates the relation ot the deciduous teeth to the floor 
ot the sinus at the kjcation ol the molars. A little later, as the develop- 
ment <jf the jjcrmanent teeth proceeds, and they are pushed forward 
l^reparatory to taking their places in the arch, the outer and lower 
portion ol the maxillary bone appears to be crowded with teeth, as 
shown in Fig. 107. 

The Posterior or Zygomatic Wall. — The posterior or zygomatic 
wall extends trom a line vertical to the centre of the zygomatic arch 
backward and inward to the prcjximal or nasal wall. It is concav'C in a 
transverse direction and nearly straight in its vertical direction. In 
youth it is thick, but, like the outer v\all ol thi' sinus, it liecomes 
thinner as age advances, until il may be no thicker than a sheet ot 
note-paper. 

The Superior Wall or Roof. The superior wall or roof of the 
sinus is usually triangular in slKi,|:e, the lia^e ol the triangle l>eing at 
the inner or nasal wall. It is convex in a traaisverse direction with 
the inner edges varying in height. Its iunclion with the inner wall 
varies in different subjects. Sonietinus it is iound on the level ot the 
centre ol the llooi' ot the (M-|iit (see Fig. 277). At other times it is 
higher and near the centre ol the inner orbital wall (see Figs. 26S and 
29(S). Its sLU'la.ce is usually marked by a ridge ol bone which contains 
the groove \<iy the ))as^ageol tlu' inlra-orbital v easels and nerves. This 
groove commences at the posterior border (jt the Ihjor ot the orbit; 
((jnlinuing b-i'ward, it i^ lost about the midijle ol the floor, whei'e it 
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passes into the infra-orljital canal. The ridge extends downward and 
forward to meet the anterior wall of the sinus. The dip]:iing down of 
the ridge varies greatly in extent, being scarcely noticeable in some 
specimens, while in others it extends so far that the canal becomes 
distinctly tnluilar in character, i:)assing diagonally thnjugh the sinus, 
carrying the infra-orbital nerves and \'essels across the anterior portion, 
with an open space abo\'e the tube. The open space above the sinus 
extends outward into the lower rim of the orbit, forming an infra-orbital 
sinus or pocket, a variation which the writer has n(jt seen mentioned in 
an},' work on anatomy. The tube-like canal has a thin lamina of bone 
extending from it to the side of the true sinus. For the above charac- 
teristics see Figs. 22;^,^ 230, 276, 277 and 361. 

The Proximal or Nasal Wall. — The i)roximal or nasal wall of the 
sinus is quadrangular in shajx', with the inferior angles slightly rounded 
(sec Figs. 204 and 287). In a t^-pical skull this wall is vertical and 
slightly convex. The lower edge almost always turns slightly outward 
to join the floor of the sinus, but occasionally it is found dipping in 
under the floor of the nasal cavit>' toward the median line, and 
meeting the floor of the sinus over the i^alatine ])rocess (see Figs. 261, 
284 and 297). 

The Ostium Maxillare. — The ostium maxillare, an (jval-shaped 
foramen, which aft'ords communication between the sinus and the 
nasal cavity through the hiatus semilunaris, is usually found on the 
up])er edge of the i)roximal wall near its anterior pcjrtion. It occa- 
sionally commences in the njof of the sinus, then passes in a slightly 
curved direction, terminating in the hiatus semilunaris, as shown in 
Figs. 279 and 2(So. In pathological conditions or in extreme old age, 
there ma\- be two (jr e\'en more openings between the maxillary sinus 
and the nasal cavity (see Figs. 1S3, 184 and 186. 

Septa of the Maxillary Sinus. — Idie shape ar:d size of the maxil- 
lar\' sinus ;uid the character of its partial septa var)- so much that it is 
almost impossible to say what is its t^'pical shajie and what arc its typical 
septa. From whatever direction sections are made, ^ ariations in shape 
and size will be found. Pdiiial bony or iiicnibniiious septa are found 
passing partly across in various directi(jns, Init the writer has been 
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unal>K' to lind comi)k'tt' septa of the maxillary sinus, though it is said 
In- some investigators that they exist. 

Fig. 204 rei^resents an anti-roposterior seetion near the inner wall of 
the orliit, showing a maxillary sinus of about the a\-erage size for the 
age of the subject. A portion of the lumina papyracea or os planum 
is cut awa\- to show the eontiniiati(jn of the outlet of the sinus. A 
partial bonj- si-ptum arising from the floor and passing transversely 
across forms two de^ep pockets. 




Fi(.. 2(12 Fig. 2(;,i 

Figs. 202 ,[nil l^)^. — 'two iLiUcrupnstcriiir ^L■ctinns niailc b\' ili\'idiii.i,' the orbit and ma.xillary 
sinus N'ertically, showing conical ek-xalioiis owr thi- roots of the \arious teeth. Tlie root of the 
second premolar cur\'es forward. It iiK.ire coinnioiih cur\\'^ l>ark\\ar(t 



Fig. 205 is an anteritjr \ iew from the skull ot an old person. It 
sIkjws \(_'rtical memliranous septa ol diftt'rent sizes on the two sides, 
fli\'iding the lower porti(jn of the ca\'it>' into semi-chambers. The 
septum on the left side is small; that on the right extends nearly to 
tlu' root. R(sor])tion has reduced the thickness ol the A\'alls ot the 
sinus. 

h'ig. 206 is Irom an antero])osterior suction throtigh the frontal 
.--inus, the middle ol the orbit, and the maxillarA" sinus, showing an 
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Hiatus 
semilunaris 



Ostium 
maxillare 




Fig. 204. — Anteroposterior division through the maxillary sinus. 




Fig. 205. — Anterior \-ie\v of a \-ertical transverse section from a sicull of an old person, showing the 
thinness of the walls of the maxillary sinus, also membranous septa of the sinus. 
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incomplete vertical anteroposterior meniljranous septum with a fora- 
men connectin;,; the external and internal com])artments of the sinus. 
Situati'cl on the meml)rane are a numlier of small osteophytes. 

Fig. 207 and 20S shows what at first sight might be considered to 
be a bony di\'ision ot the maxillary sinus; but close in\'estigation reveals 
that the crescent-shaped ca\'it}' situated on the upper posterior corner 
ot the sinus is the cell of the orbital process of the j^alate bone cut in 







C)steoph\-les on the 
septum 

F'.iramen between exter- 
nal and internal 
chambers of sinus. 



Meml)ranous septum oi sinus 

t^IG. 206. — A vertirni anlcrnnosteriin- ,li\isl(in lhroiiL;h the Inintal sinus, (irl)it, .inil nia\illar\- sinus, 

sliowiiig a |..irti.il .iiUeri.p.Ktcriur nimnl ir.incms se|iliiin of the sintis. 



two. A |)rof)e passed Uirough the (ii)ening in Fig. 20S A\()uld enter the 
sui^erior meatus ol I he nose. 

Figs. 209 and 210 show two sections (jf a negro's face through the 
molar teeth and the middle of the orbit. ,\ sinus may ])e seen at the 
uppei- [joslerior corner <A the maxillar\ sinus. This opens into 
the superior meatus of the nose and belongs to the palate l:)one. The 
sinus is vwy small. 
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Figs. 211 and 212 are taken from the left side of another negro's 
skuh. The section is made in the same region as the last, showing a 
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Fig. 207 Fig. 20S 

Pigs. 207 and 208. — Anteroposterior dh'isioii througli the centre of the orbit, maxillary sinus, and 
molar teeth, showint; a crescent-shaped cell at the upper posterior corner of the maxillary sinus. 




Fn,. 209 Fig. 210 

Figs. 209 and 210. — Anteroposterior di\'ision through the centre ol the orbit, ma.xillary sinus, and 

molar teeth, showing a triangular cell at the upper posterior corner of the maxillary sinus. 

verv small, peculiarly shaped sinus, and a crescent-shaped cell which 
opens into the superior meatus. 
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Figs. 213 and 214 are from the right side of the same skull as Figs. 211 
and 212, showing ai)parently two maxillary' sinuses. The posterior one 
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Fig. 211 



Fig. 212 



Figs. 211 .nid 212. — Anteroposterior di^•ision through tlie centre ol the orbit, nia.xillary sinus, and 
molar teeth, showing a peculiarly shaped sinus. 





/ -'■.^^' 



^ 






Fig. 21.^ Img. 214 

Figs. 2 r-i and 214. — .-Xnlcropostcrior dixision through the centre ol ihe iirliit, ni,ixillar>' sinus, and' 
teeth, showing an eiilargeil cell of the orliital process ol the |ialate Imne, and a correspondingh' small 
ma.xillary sinus. 



])asscs aroinul the posterior liorder of the external surtaee of the anterior 
Ol- true sinus. The apparent second sinus is undoubtedly an enlarged 
cell <jf the orbital process of the palate bone. The true maxillary 
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sinus is extremely small. 1 1 may be that on account of this the cell 
was abnormally enlarged t(j increase the air space of this region, cjr 
that the palatal process has encroached upon the space usually occupied 
bA' the maxillary bone. The bony septum of this specimen might 
very easily be mistaken as dividing the sinus into two; but the 
writer would not thus classify it, as this posterior sinus opens intcj the 
superior meatus, as do the other palatal cells just described. 

It is a well-established fact that the maxillary sinus is developed 
by an invagination of the mucous membrane of the middle meatus into 
the body of the maxilla. It there should be two of these in\aginations, 
it could then be easily accepted that these cells are a di\'ided maxillary 




Fig. 215 Fig. 216 

Figs. 215 and 216. — .Anteroposterior dix'ision through the centre of the orbit, maxillary .sinus, and 
molar teeth, showing a large ma.xillary sinus and a large sphenoidal sinus. 

sinus; but as the outlet of the posterior one is into the superior meatus, 
into which the cells of the orbital process of the palate bone open, 
it seems evident that this is an enlarged palatal sinus or cell, and not a 
divided maxillary sinus. 

Figs. 215 and 216 are from another section made through the molar 
teeth and the centre of the orbit. Posterior to the maxillary sinus 
we find another sinus of a different character, which, from superficial 
examination, might be thought to be related to it or to be an enlarged 
cell belonging to the palate bone, a probe passed into it leads to the 
supreme or fourth meatus of the nose, indicating that it ma^' be 
related to or connected with the sphenoidal sinus. In fact, it is a very 
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lariic si)ln'ni)klal sinus extendini; f)ut laterally' in a line almost to the 
outer jtai't of the maxillary lione. 

Figs. 217 and 2i(S are an outer and inner \'ie\v of a section showing an 
extremely large s])henoidal sinus. The cut is made thnnigh the pre- 
molar teeth, and a little to the inner side of the middle of the orbit, 
exposing the inner wall of the maxillary sinus, the cell of the palate 
bone, and the sphenoidal sinus, over which is set-n the sella turcica. 
The irregular opening in the anterior clinoid process in Fig. 217 leads 
to and is a jjart of the si)hcnoidal sinus. In Fig. 2iiS the external wall 
of the nose will be observed. In the region of the body oi the sphenoid 




Fi(.. 217 Fig. 21.S 

Figs. 217 and 21.S. — Two mcws of an anUToposlenor .section. Vlg 
ihe cjrbit, nia.\illar\' sinus, and ojjenings Ic.ulin;.; into the sijliunoidal sinu 
«iill of the nose and a lar^e sphenoidal sinus. 



217 sliows the inner wall of 
Fig. 21.Ssho«s the lateral 



b(jne is a \'ery large sinus, at the bottom ol which will be noticed a space 
under the sella turcicti shown in Fig. 217. This i^ the largest sphenoidal 
sinus which has come under the (.)bser^■ation ot the writer. It extends 
t(jrw'ard to the cribrilorm i^late ot the ethmoid Ijone; backward to 
near the basilar prtjcess oi the occipital Ijone; laterally on a line with 
the molar teeth; and sui)eri(.irh' into the anterior clinoid process, with 
only a \ cry tliin plate <»f Ijont' betwi'cn it and the floor of the anterior 
fossa ol the Ijrain-case. In such cases the partition between the sphe- 
noidal sinus and the maxillary sinus is so thin and sie^•e-like that 
infected fluids will readih- find their wav from the former to the latter. 
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In the usual physiological description of the sinus, the fluids are 
spoken of as passing out of it. It is a question if this be the case under 
normal conditions. It is more than likely that the law of supply and 
demand is so balanced that tlie parts of the rnuxiUury sinus are kept 
moist only, the openings being so arranged at the top as to prevent undue 
loss of the fluids while the subject is lying on the back or is standing. 
The openings in the other air cells or sinuses are so arranged as to make 
almost complete drainage through their most dependent parts. 

Dental Relationships. — Because of the close anatomical relation 
of the maxillary- sinus with the tooth-germs and the roots of the per- 
manent teeth, it is e\ident that the sinus must he more or less influenced 
by them. As the teeth de\-eloi) and descend into their normal places, 
the sinus increases in size. If a tooth situated near the sinus be retarded 
in its eruption, the development of the sinus is interfered with at 
that particular point. If the root of a tooth be lett in the jaw in old 
age, resorption immediately <)\er that rcjot will not progress as in the 
parts from which the roots ha\e been removed (see Fig. 287). 

It has been shown how closely the ajjical portions of the roots of 
the teeth are often associated with the sinus (see Figs. 196, 197, 199, 
202, and 203). This close proximity gi\'es the impression that the 
maxillary sinus is more often intected trom diseased teeth than from any 
other source, some authorities claiming that three-fitths of the diseases 
of the sinus are brought about in that way. The writer thinks this 
a mistake. Though recognizing that diseases of the sinus do arise 
from the teeth, he believes that, aside trom constitutional diseases 
and malformati(Mis, it is more often through the ecHuuKHi communica- 
tion between the nasal ca^•it}', the frontal sinuses, and the ethmoid 
cells, that infection is convcA'ed to the maxillary sinus from diseased 
cells and sinuses aliove it. He recognizes, at the same time, that the 
posterior ethmoidal and sphcu'jidal cells and the cells of the orbital 
process of the palate bone can also infect the sinus by resorption of 
the partition between these cavities. It is the writer's observation 
that there are more cases in which teeth are lost through diseases 
of the sinus than cases in which the teeth are jirimarily diseased, 
causing infection of the sinus and associated cells. In Fig. 197 it 
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will be observed that the anterior bueeal and i)alatal roots of the 
first molar tooth pass up into the walls of the sinus. This is the 
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Fig. 219 
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l-K.. 2211 
21'l.nMj 22(1.— Anhi-i.|ii-is((rinr ili\isii)n throiioli (hcnrbit. frontal and maxillary sinuses, 
ar lei'lli, shduiiv.; .\n iimcIcn rlnpiil molar Mliich \\,is causing irritatiun in the lloor of the 
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class of cases where diseased teeth may cause infection of the max- 
illary sinus. If the pulp of a tooth so related to the sinus shrnild 
become devitalized and infected, the parts around the apical foramen 
might also become infected and abscesses occur. From the close prox- 
imity of the points of the roots to the sinus, it might be sujiposed that 
these abscesses would break into it, as they occasionalh' do. Other 
examples of infection through diseased teeth in no way militate against 
the idea that the teeth are not first in importance as factors in causing 
disease of the sinuses. 

It is, however, clear that pus or infected matter will pass in the 
direction of the least resistance. When the investing tissues of a tooth 
become so infected, the osteogenetic function of this region is to stimu- 
late renewed activity, with the result that a new layer of bone is pro- 
duced which covers these parts and protects this cavity, so that 
al)scesses, with but few exceptions, point and break into the mouth. 

Careless operation by the dentist sometimes causes infection of 
the sinus, as drilling through the tooth and the floor of the sinus, or 
forcing the root of a tooth into the sinus, through fracture of the wall 
in an unskilful efttn't to extract, or carelessness in driving artificial 
crowns or bridges upon the teeth or roots. 

Figs. 219 and 220 are views of an unde^•eloped and unerupted 
third molar which was causing irritation in the floor of the sinus. 

Figs. 221 and 222 are from the opposite side of the same skull, 
showing a similar condition and with an absc-ess which has burrowed 
under the mucous membrane near the roots of the first molar tooth. 

Figs. 223 and 224 are views of an anteroposterior secticjn ot the upper 
jaw with the first molar decayed and the pulp-chamber of the tooth 
open. The root-canal has been infected and the infection has been 
carried into the sinus. In this case there is e\'idence of a productive 
periostitis upon the floor ot the sinus, which has caused a thickening 
of bone over the apex of the root. At a later [period suppurative inflam- 
mati(jn has occurred and perforated the floor. 

Fig. 225 is a view of the floor of the sinus and the nasal cavity. 
In the middle of the sinus there is a conical ele\'ation with an opening 
in the centre exposir.g the apex ol a tooth. In this case new bone has 
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bcc'H lornu'd cncr iIk- (lisiascd rc/ot, Ijiil al scjnx' subsequent time the 
boue has been broken down ;uul tlie sinus has become infected. 
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I-i(.^. 221 ,inc| 111. AiiiiTo|]ii,iiTiur ilixi-inii ihinimh llu' orliil, IronUil sinus, ma\illar\- sinus, 
il molar tci'l h, sliow iiit; a similar ciindilidii ;.i> ill I' i^s. 2 I') anil 220, An abscess has burrowed under 
!■ 1M-, 1 1 II 111 lira no niMi- i ho rooi , of i ho hr-.l molar loolli. 



Fi;,^. 22(\ is a xci'lical l^ans^erse section ot tlie sinuses and nasal 
ca\'it>'. In the llooi' of the rij^iit sinus the conical portion ot the 
bone, coAcriuL; the iirleeted tooth, has bet-n cut through its centre, 
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exposing the end of the root in the infected region, the condition bein£ 
somewhat similar to those shown in Figs. 22^, and 225. 



Sound passing through 
infra-orbital canal 
' and foramen 



Infra-orbital sinus 



Infra-orljital foramen 




1^1 Maxillari' sinus 
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Fig. 223 




— Infra-orbital sinus 
Opening into zygomatic bone 



Figs. 223 and 224. — Anteroposterior division ol the maxilla, showing opening of a dental absces,? 
within the maxillary sinus and an inlra-orbital sinus. 

Figs. 227 and 228 was made from the left maxilla of the same skull 
from which Figs. 22^, and 224 were taken. The pulp of the first molar 
was devitalized. In 228 an enlargement of the infected root is seen. 
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Floor of the nasal cavity 




Apical foramun of tooth 



Floor <:>f maxillar\" sinus 



Fig. 225. — Horizontal section abo\'e the right floor ol the nasal ca\'it\" ami maxihary sinus, showing 
the opening ol a dental altMfcss in the Hour. 
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Fig. 226. — -Anterior \'ie\v of a x'crlieal lrans\'erse section in the regit.ai ot the crista gaUi, middle of 
ctrliit, and nmlai" (eelh, sliowing etlei't o\ dental abscess in l1oi.>r ol maxillary sinus. 
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An examination of the hard palate shows that the discharge of the 
abscess was made into the mouth, which the writer beheves is the 
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Fig. 227 




Fig. 228 
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Figs. 227 and 228. — Horizontal sections through the ma.xillary sinus. F il S, floor of the max- 
illary sinus. In Fig. 228 there is an exostosis over the position of an infected root of the first molar 
tooth. In Fig. 227 tlie cap of bone covering the root has been removed, exposing the end of the root 
and a fistula extending downward, opening into the roof of the mouth. 



Incisive canal 




Fig. 229. — Alveolar process, 

usual outlet for apical abscesses in the upper jaw — of course recognizing 
that thcA' occasionally open into the sinus. 

IG 
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The vessels of nourishnunt to the niaxiUary teeth do not pass 
thn)u:-;h and along a canal in the cancellated tissue as they do in the 
mandible, luit in a groove on the outer wall of the maxillary sinus (as 
shown in Fig. 2;,o), from which are gi^-en (iff Ijranches to the apices 
of the roots of the teeth, man\- of the latter being covered with only a 
thin plate of bone. It is through the ^■essels of this region that infec- 
tion can be con\e>ed from the teeth and ah'eolar process to the 
maxillary sinuses or I'lcc I'crsa. 

It has lieen sh(nvn b\- these exami^les how numerous are the varia- 
tions of the maxillary sinus in shai)e, size, and p(jsition, and in its rela- 



ji^_ S'lund passed through infra-orbital 
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Fig. 230. — Anteroixjsterior ilixisiun thr(.iuL;h iho m,ixill.ir\ sinus and tlic teeth, showing an 

inlra-orlill,[| sinu^ .[l«j\X' the eanal. 



tion to the mouth and teeth, the nasal ca\ ity, the trontal sinus, the 
ethmoidal cells, the cell (A the orbital [process ol the palate l)one, and 
the sphenoidal sinus. The \ariations are most important to the dentist 
and rhinologisl. In the held ot oral surgery, so many complications 
often ari^e in the extraction and treatment of teeth that a thoroughly 
scientifi(- knowledge ot the results of all recent research in this region 
is absolutely necessary. 

Surgical Relations. — In the extraction (.)f the upi^er molar teeth 
great care .should be exercised, because, as has been shown, 'where 
the sinus is lai'ge, extending downward and inwartl between the 
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roots of the teeth, as seen in Fig. 199, if undue force should l:»e 
exerted, not onh' the tooth t^rasped by the forceps, but also a great 
portion of the floor with other teeth attached is liable to be carried 
away. P^xaniples of the results of such accidents are shown in 
Figs. 231, 2T^2 and 233. Figs. 231 and 232 are from s])ecimens 
broken away with the ordinary forceps, and Fig. 233 is from a 
specimen of the work of the old-fashioned turnkey. When using much 
force in placing artificial bridges or crowns upon the teeth immediately 
beneath the sinus, there is danger of breaking the flcjcjr in subjects 
where the walls are thin. When the pulps ol the teeth have become 
diseased and infected, the infecti(jn ma;s' pass out of the apical foramen 





Fic. 231 Fig. 2M Fig. Hi 

Fli.s. 2.M, 2M and 233. — Three pieces ot bone with molar teeth that ha\-e been accidentally 
broken away with part ol the Hoor ol the ma.\illary sinus in extraction; Figs. 231 and 2il with ordinary 
forcepis, Fig. 233 with an old-fashioned turnkey. 



into the tissues immediately surrounding the root, and thence into 
the sinus, as has before been mentioned. In cleansing the root- 
canal there is some danger of passing the instrument through the apical 
foramen directly into the sinus. Certain diseases of the teeth caused 
by inflammation of the periodontal membrane with abscesses threaten- 
ing to open into the mouth, sometimes disappear suddenly, although 
no fistulous opening into the mouth has formed. When this occurs 
an abscess has frequently found an opening into the sinus. Diseases 
of the maxillary sinus are liable to produce disturbances in the teeth, 
as their blood supph' passes along the floor of the sinus and through 
the wall. Branches of the trigeminal nerve accompany the vessels, and 
these also are liable to become deranged functionally. 
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The niaxillar\- sinus is on a l(nvcT plane than any of the other 
sinuses and cells assoeiated with the nasal ca\'ity, and has its outlet 
in the upper anterior pcjrtion; when the hiatus semilunaris is blocked 
below or ])osterior t(.) the openinjj, of the sinus, it becomes engorged 
with the fluids which hax'e no other n(jrmal exit, thus producing pres- 
sure ui)on its walls and upon the ner^■es and \'essels passing through it. 
It is in such cases that additional openings are found leading from the 
maxillary sinus (see Figs. 1.S3, I.S4, I.S5, 1N6, I.S7 and iS.S). 

Pathological Conditions. — Pathological conditions (jf the maxil- 
lar\- sinus \ar>- in almost e\'ery aspect, and arise from a great diversity 
of causes, of which, ma\' be mentioned: 

(1) Pathological conditions of the parents of the child at time of 
conception. 

If either parent should haxx- any constitutional disease which 
could be transmitted to the offs])ring, or if a i)arent should have an 
abnormally-shaped face such as compressed dental arches, narrow 
nasal ca\dties, irregularities of the pneumatic spaces, etc., the child 
would begin its existence with a strong predisposing cause for patho- 
logical conditions which might continue throughout life. 

(2) Constitutional disturbances during the growth and develop- 
ment <jf the child. 

Among the general constitutional disturbances that predispose 
to pathological conditi(jns ot the sinus are sA-jihilis, the acute exan- 
themata, as scarlet ie\'er and measles, and disorders of nutrition, as 
rickets, etc.; also local disturl)ances, as inlected or enlarged tonsils, 
adencjids, nasal polypi, or an\ thing else that tends to obstruct or close 
the nasal passages, thus shutting off proi:)er breathing si:)aces, drainage, 
and \'entilation. These C(jnditi(_)ns should all be taken into ccjnsidera- 
tion when studying the ])atholog>' and treatment of the maxillary sinus. 

(3) Inlection Ijy conlinuily Irom the nasal mucosa. 

This is one ol llu' most h'ecjuent soiu'ces b\ A\hich a pathological 
c(jnditi<jn o[ llu' maxillary sinus is brought about, the se\erity of the 
condition depending ujjon the character and (|ualit>- of the infected 
matter trcnismitled. The niaxilUny sinus, like all open cavities which 
are cox'crcd willi epithelium, is inmume to infection to a great extent, 
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but repeated or constant exposure to infected matter will finally result 
in a diseased condition, producing a discharge of the type of the par- 
ticular micro()rganisms introduced. Therefore anything that affects 
the mucosa of the nose will have its influence In' direct action upon 
all the associated ])neumatic spaces. The effect of an ordinary cold 
may not reach the sinus, but if the patient suffers from repeated 
coryza continued for long periods, it will be affected finally and remain 
so even after the membrane of the nose has reco\-ered ; because when 
the ciliated epithelium of the sinus f)ecomcs diseased, it has not the 
power t(j convey the infection and broken-down tissue upward to the 
natural outlet. 

(4) Infection through the blood sui)i)ly. 

The blood supjjly of the greater portion of the sinus comes from the 
same source as that of the teeth, namely, the superior alveolar artery, 
which gives off small branches to the teeth, the alveolar process and 
the greater portion of the mucous membrane of the sinus. The ^■eins 
which commence in the ah'eolar process, the teeth and the mucous 
membrane of the sinus, anastomose ciuite freely with one an(jther. 
A similar arrangement (jf the bloodvessels exists in the region of the 
outlet ol the sinus into the nose. Consequenth' it will be seen that 
infection from one region will easily be carried thniughout all the area 
having the same blood sui)])ly. If the frontal sinuses or ethmoidal 
cells become diseased, fluids maj' be di\erted int<j the maxillar}- sinus, 
which \\\\\ in turn l)ecome infected. Again, if the sinus should liecome 
infected through the blood supi:)ly to the mucous membrane which 
receives its nourishment through \'ari(jus vessels, or if the mucous 
membrane should become inlected thnjugh diseased teeth or osteo- 
myelitis or an\' other sourse, the infection produced would pass from 
the maxillary sinus to the frontal sinus, the ethnnjidal cells and tissues 
in close relation to those parts. There are but few cases cjf osteomyelitis 
on record arising from the walls of the maxillary sinus per sc. 

(5) Foreign bodies are occasionalh- found in the sinus which pro- 
duce a [pathological condition. ThcA' are usually discovered in cases 
where the sinus has been pre\"iousl)' diseased and treated. 
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(6) (Asls, poK-pi, impactx'd (jr misijlacecl teeth, (xJontomata, 
osteophytes, niah;^nant and heni;^!! tumors are strong predisposing 
factors toward pathological conditions of tlie sinus, and should be 
carefulK' considered, in all diagnoses of sinus troubles, especially as 
t-\sts and tunn^rs of this region are more or less obscure in their incipi- 
ency, lmi)acted or deflected teeth are also often difficult to diagnose, 
if one be n(.it thoroughh' familiar with the \ariations in the anatomy 
of the parts, or if a thorough radiograjihic inspection be omitted. 

Treatment of Pathological Conditions of the Maxillary Sinus. — As 
the causes of i)athological conditions ol the maxillary sinus are so 
\arious, it is e^■ident that etiolog}, diagnosis and treatment must 
C(Aer a wide rcUige. The ijrincii)al thing is to make a correct rliagnosis 
and study ol the etiolog\', and when such is obtained, on general 
principles, thi' trt'atment shtjuld be to remo\'e the cause, whetlier it 
be from constitutional disturbances, diseased teeth, necrosis of the 
bone, impacte'd tc'eth, o(l(jnt(jmata, dental or other c>sts, polypi, new 
growths, malignant or benign, foreign bodies, diseases communicated 
through the circulation, from adjacent i.)arts that are pathological, 
direct infet'tions from other pneiunatic spaces, or from any diseases 
associated with the nasal ca\'it\-. 

All diseases ol the maxilhuw' sinus that are caused b>' the teeth, 
or any diseases ol its walls, exi'ept the nasal, should be treated through 
the mouth, this usually a\'oids the contamination of the nasal eavit\- 
and its associated parts. ( )n general ])rineiples, all diseases of the 
maxillar>' sinus causi'd by diseases of the nasal side of its walls should 
be treated Irom the nasal stand])oint. 

Occasionally wh(.i'e a pathological condition origiuiites in the nasal 
region and is treated and curt'd, the sinus may become infected and 
ri'maiu diseased, in such cases treatment througli the mouth is more 
ai)pr<ipi'iate than through the nosi'. 

When the maxilhu'v sinuses ha\e complicated septa creating jiockets 
inaccessable through the nasal ca\"ity (see Pdg. 295), or in cases where 
the maxillary sinuses extend downward far below the le\'el of the nasal 
llooi- ( iMgs. 2.S4 and 2(^7), treatment iua> ha\'e to be undertaken 
through the UKHilh. 
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If Figs. 276 and 277 Ijc examiiK^d they will gi\'e illustrations ot 
pockets and anatomical conditions of the maxillary sinus that would 
make it most difficult to treat especialh" if it should be required to 
curette the parts. An infra-orbital sinus may be seen under the outer 
and anteri(jr i)ortion of the fl(jor of the orbit; in case of disease of thi^ 
sinus it would be most difficult to reach through the nasal cavit>'. In 
Fig. 287 there are two deep ])ockets that would be difficult to reach 
through the nasal cavity, while through the alveolar process it would 
be comparatively easy and would avoid the interfering with the nose. 

Figs, 2<S4 and 297 show cases where the floors of the maxillary 
sinuses are far below the level of that of the nasal cavity. 

An ordinary (jpening into the maxillary sinus through the mouth 
heals up very ciuickly, especially if the disease of the sinus becomes 
cured, which is usually accomplished if the trouble has been caused 
by diseased teeth. 



CHAPTER IX. 
THE FRONTAL SINl'S. 

The frontal sinusi's are usualh' twu irrc-u,ular-shai)ed ca\'ities sit- 
uated in the lower part of the facial jjortion of the frontal bone ancl 
in the pr(jcess forming,- the roofs of the orbits, with a thin lamina of 
l)()ne ])etween them. They \"ar>- considerabh' in size, shape, position, 
and number. 

Development. — They ai.)i)ear about the second year after birth 
and are formed by cm in\ ai^ination tnjm the npper anterior portion 
of the hiatus semilunaris and by a dissolution of the tissue between 
the outer and inner plates of the frontal lione, the exca^'ations for the 
formation of these sinuses as well as for the \ ari(.)us other cells and 
sinuses Ijeing CcU'ried on throui^h the agency ol the osteoclasts. The 
minuses continue' t<j increase in size as age ad\"ances. They are lined 
with mucous membrane and c(jmmunicate with the nascd ca\aties 
through the infundibulum cUid the hiatus semilunaris. There are 
skulls in which tronlal sinuses do not exist; there are other skulls in 
which there is but one sinu^ that ma>- be \'ery ^mall, or it may extend 
Irom one of the external angular ])rocesses beyond the medial line of 
the frontal Ijone and upward to a |)oint al)o\c' the k'\el of the frontal 
eminences ov ])osteriorly owv the orbil iiluKisl t(_> the (Jptic toramen. 
it sometimes s])reads nutward and backward l(.'rminating in the great 
wing ol the s])lK-noifl boni'; il nun be loimd not (july in the ascending 
portion ol tln' b(jnc, but extending ddwnWiU'd and backward may 
become onv connuon ca\it\' w iih the cUilcrior ethmoid ct'lls and the max- 
illary --inus (see Figs. 247 and 2(jO). There arr usually two frontal sinuses, 
each ha\ ing an indepeiKknt outlet mto the nasal ca\ilies, l)ut s|)ecimens 
(■xist in which three or moi'e sinuses are ])r>scnt, all in the ascending 
portion ol tln' bone and ea( h ha\'irg its inde]iendent outlet. The 
poj-tions whi(h ])ass o\ rr the orbil might ])v called su])ra-orl)ital 
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sinuses, especially if they have complete partitions and outlets other 
than the one which occupies the ascending portion of the bone. 

Figs. 234 and 235 show a large left frontal sinus, which passes over 
to the right of the medial line, leaving but little room for the right 
sinus in its normal position, as is seen in Fig. 235. Often, in such 
cases, the opposite side will extend its air space in some other direction 
to make up for the loss caused by the invasion. 




I'li;. 2S-t Fi(.. 235 

P'lUS. 234 and 235. — Lateral walls of the nasal cavity, showini;- the left frontal sinus extended over 

to the right of the nieiHal line. 

Figs. 236 and 237 are made from Fig. 235, cut through the centre 
of the orbit, showing that the frontal sinus has extended back o^•er 
the orbit to the region of the optic foramen. It has also extended 
outward under the zygomatic process of the frontal bone. 

Figs. 238 and 239 are made from a skull where the frontal sinus 
has extended upward under the region of the frontal eminence and 
downward to the middle of the orbit or almost on a level with the 
upper portion of the maxillary sinus. 

Fig. 240 is an illustration ot two large frontal sinuses, extending 
from one zygomatic process of the trt)ntal bone to the other, with 
but a thin complete septum between. This septum is not in the 
centre, l:)ut is carried o\'er the left side. The sinuses pass backward 
over the greater portion of the orljits, and upward toward the frontal 
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eminence TlnTe is f|uile a depression onxt the frontal crest, which 
is \-ery hir.i:,e in this s])ecimen. There are also several partial septa 
ruiniinu in \-arious directions in the two sinuses. 




S.»- t:>, . - f^.i/^ 



Fu;. 236 




Fi(. 237 



Figs. 2,i6 .md 2.i7. — Two .[iilurr>ii'>^turior ^i.-i'tiiins iiiunlc Irnm Fii;. 170) through the frontal 
simis. ccnl re C)l orbit, nKi\illar\" siiuis, <nnl ( lII oI the orliilil proCL'^s ol tlie piilate lnjne, showing the 
troni.il siiuis e-xtending backward o\'er thi.' orbit to ihe region ol iho o])tic lor. mien. It also e.xtends 
under the z\-goniatic process of the front, d bone. 




tlG. 23.S 



FiG. lyi 



ties. 23S and 23'). — '1 «(, \e|-|ical li.LU^Ner^e >ei lious llirongh ihe front, l1 sinuses ,ind nasal ca\'ities 
showing the Ironlal .sinus exteniling Lrelow the le\ el ol the middle of the orbit. 
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Occasionally the frontal sinus extends into the crista galli form- 
ing a cell in that i:)rocess (see Figs. 269, 281, 282, 292, 293, 294, 295 
and 296) 




Fig. 240. — Large frontal sinuses extending from one zygomatic process of tlie frontal bone to 

the other. 




Fig. 241. — Two sections of the supra-orljital region, showing no frontal sinus. 

Fig. 241 is made from two sections taken from the supra-orbital 
region of the skull. The upper figure shows that the anterior portion 
of the frontal bone has been removed from the region of the super- 
ciliary ridges, exhil)iting no indication of the sinus in the ascending 
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portion of the frontal bone. The lower picture shows no evidence of 
the sinuses i)assin;^ into tlie horizontal ])(jrtion (jr (AXM' the orbits. 

Fii;. 242 is made fnjm a sjx'cinien having only a right frontal 
sinus, which extends unjjrcjken far o\er to the left. This sinus passes 
partly over the orbit and has but one (jutlet. 

Fig. 243 shows two rather typical frontal sinuses with two outlets 
and a complete sej^tum near the medial line. There is also one par- 
tial septum near the medial line, and one ])artial septum in each 
sinus forming two ])ockets near the zygomatic process. The right 
sinus measures horizontalh' 35 mm., the left 30 mm.; the depth of 
the right sinus is 42 mm. and the lelt 35 mm. 




l-i(.. 242. — Anteriur \iuw nl ^knll wiili Iji 
I'cmi )\x-'l, cx[)i'sin'^ nnh one IroiUal >iiuis. 






'r^^^^ 





Vie. 243. — .\iiUTi(ir \'ic\v, showiny t\\'(.i fnintal 
sinuses. 



Fig. 244 shows three complete frontal sinuses with three indi\'idual 
outlets and two com]>lete sei)ta. The two lateral sinuses jjass back- 
w ai'd well owr the orbits. 

Pig. 245 is made fi-om a skull that has iour b'ontal sinuses, with 
foui- inde]>endcnt outk'ts and three complete se])ta. Some writers 
would class the two luiddle sinuses as antt-rior ethmoidal cells which 
had iinaded the frontal bone. If these cells should exist without the 
two larger siiuises they W(juld then l)e called Irontal sinuses by these 
same writers. 
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Fig. 246 is made from a specimen containing five frontal sinuses 
and having four complete septa. Four of the sinuses extend well 
upward to about the same height. 




Fig. 244. — Anterior view, sliowing three frontal sinuses. 





Fig. 245. — Anterior \-ie\v, slio-ning four frontal Fig. 246. — .Anterior \-ie\v, showing five frontal 
sinuses. sinuses. 
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Fip,. 247 is a ])()steri()r \ie\\' made from a siiecimeii haA'ing two large 
lr(jiital sinuses \\ith a complete se])tiim. The right sinus extends back 
over the orbit and down through the region of the anterior ethmoidal 
cell, continuing into the maxillary sinus and making (Mie common 
ca^'ity of the frontal sinus, the anterior ethmoidal cells and the maxil- 
lary sinus. 

Fig. 24S is made from a skull ha\-ing two large frontal sinuses. 
There aiJpear to l)e three sinuses in the picture, but the septum rjn 




I'"n,. 247. — I'oslLTior \k'\vs, ^howiny two 
large inaxill.iry -.iruisrs. Thu riglil cim.' loriuint; 
a coiiinion ca\ ily wiUi uthiiiuid cell ami niaxil- 
lar\" >imises. 



Fl(.. 24.S. — .\ntei'ior \-ie\v, showing two 
Irniital sinuses, I he right one \ery large ex- 
tenfhng \\'(_'ll u\'cr to the left side. 



the right is incomplete, uKiking but one sinus on that side, which 
is \ery large, extending fr(.)m the right zygomatic process trans- 
\ erseh' well o\er to the left side, and measuring 65 mm. Its depth 
from the to]) to the outlet is 45 mm., and it extends well back over 
the orbit 40 mm.; the left sinus jxisses outward and backward to about 
onedialf the distance of that on the right side. 

Fig. 249, from a horizontal section al>o\e the orl^it, shows a trans- 
verse section of a large left frontal sinus, measuring 67 mm. from the 
left zygomatic process to a position (.>ver the centre of the right 
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infra-urbital foramen, without a septum. The right frontal sinus, meas- 
uring 40 mm., has several small incomplete, nearly horizontal septa, 
making a numljer of horizontal pockets. 

Fig. 250 is made from a transverse section of the face with a 
portion ol the bone removed to expose the frontal sinuses. The 
right sinus is extremely large, extending from the right zygomatic 
process over toward the left and measuring 67 mm., leaving but a 
slight space for the left frontal sinus, which measures 15 mm. The 




Fig. 249. — Horizontal section alio\-e the orbit. 



Imc. 2,S(I, — Anterior \-ie\v, showing a 
large right trontal sinus, the left sinus 
is vcri,' small. 



septum between these sinuses has an inclination of about 45 degrees. 
The right sinus also extends well back over the orbit and into the 
crista galli. 

Fig. 251 is made from a transverse section of the face with a por- 
tion of the bone removed, showing two \'er\' large frontal sinuses 
which extend backward o^•er the orbits, \\'here they are di\'ided by 
several incomplete septa. They also extend downward and communi- 
cate directly with the maxillary sinuses. The right and left sinuses 
measure horizontally 50 mm. and their depth is 40 mm. 
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Fig. 252 is a posterior view of the troiital sinuses, sliowing two 
inronii)lete septa. Tlie incompleteness of the latter is more than 
likely due to pathological conditions. 




Fir.. 251. — Anterior \-ic\v, shcn\"ing two very 
large Iroiital sinuses extending upwani an<l 
well liack o\"er the orliits. 




l-ic. 2Si. — Posterior \-iew, showing two incon 
plete septa. 




I'll.. 25,?. — '1 «•() laLeral \ae\\s ol two specimens, showing large IroiUal sinuses. 

Fig. 2;^T, is made Injm two specimens, showing lateral \-iews of the 
trontal sinuses. The lower picture is a sagittal section cut near the 
centre o( the orbit, showing in the anterior ijortion a lateral \-iew of 
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the trontal sinus divided into five pockets, all of which have one com- 
mon outlet. The sixth or posterior cell communicates with the uj^ijer 
meatus of the nose. The upper j^icture is also a sagittal secticjn cut to 
the median line of the os planum of the ethmoid bone. It shows a 
frontal sinus extending backward nearly to the optic ner\'e which is 
seen in position in the 0])t!c foramen. 

The skull pictured in Figs. 254, 255 and 256 has the largest pneu- 
matic spaces of any head I ha\'e examined, not only of the frontal 
sinus, but of the supra-orbital, sphenoid, and maxillary sinuses. The right 
frontal sinus commences in the right temporal fossa; at a point near 
the articulation of the frontal l)one with the great wing of the sphenoid 




Flu. 254. — An anterior view o( a sl<nll witli Irontal .sinuses extending from witliin the ,i>reat wing of 
the splienoid bone forward to the frontal l:ione then backward to the left s]ihenoid bone. 

(see point marked 8, Fig. 255). It extends forward and across the 
skull to the ojjposite side, then a little backward, terminating near 



the left great wing of the sphenoid (see point marked 4, Fit 



56). 



The frontal portion of this great s])ace is divided into four compart- 
ments, three of which ha^'e a separate outlet, while the fourth is ctjn- 
nected to one of the others by a small foramen which is placed low 
down in the sinus. 

As alreach' stated the right frontal sinus commences at a point 
marked 8, in Fig. 256, in the temporal fossje and extends upward, 
forward and inward almost to the nasion, measuring 55 mm. The right 
supra-orbital sinus commences in the zygomatic fossa (see point marked 
9, Fig. 255) or in the right wing of the sphenoid bone; it passes 
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u])\\-arcl. IcM'ward ;ui(.l inward ()^■c^ the orljits (sec ])oint marked 7, 
Fig. 2=,-,). Its (jiitlet is in the anterior and lower jjcjrtion of the right 
frontal sinus. It measures in length 55 mm. There are also several 
other sinuses e)r eells o\'er the antericjr porti(jn of the orbits with inde- 
pendent outlets. 




Th. 
markee 
to the 
miu. 
at an ai 
end ol 
com par 
ca^'it^•. 



I'll.. _>,i(i.- I, til lalcr.il \-ir\\ ..f ^kiill ^li.iwii ill Im-s. 254 ami 255. 

lelt trontal sinus e<inunenees in the temporal fossa at a point 

4, m Fig. 2,sr). ll then |.)asses ui)ward, forward, and to the right, 
\\all torming an inlermediate frontal sinus. It measures 4S 

he sinus is di\ idt'd into two eomparlments 1)\ a septum hang 
igle ol 35 degrees froiu the hori/ont.d. At the lower and median 

this septum there is a small foramen which allows the two 
tmeiits to communicate with one conmion outlet into the nasal 



CHAPTER X. 

THE ETHMOIDAL AND OTHER CELLS WHICH HAX'E 
THEIR FINAL OUTLET IN THE NASAL CAVITY. 

The ethmoidal cells are situated principally between the two 
orbits. Fig. 257 is an upper view of a horizontal section cut through 
the centre of the orbits and the upper part oi the nasal cavities, 



Nasal cavity 



Hiatus semilunaris 



Nasal septum 



Antericir 
ethmoidal cells 




ethmciidal cells 



Posterior ethmciidal cells 

Sphenoidal sinuses 
Fig. 257. — I'ppcr surface of a horizontal section cut through tlic orbits and upper part of nasal cavity. 

showing clearly the position of many of the cells, as does also Fig. 258. 
Many of these ethmoidal cells are formed by the union of the orbital 
plates of the frontal bone and the ethmoid bone and between the 
ethmoid bone and the maxilla; others are within the ethmoid alone. 
They are di\ided into three groups — anterior, middle, and ]:)osterior. 

The anterior ethmoidal cells are the smallest of the three divisions. 
They oi)en ])y several small orifices into the anterior portion of the 
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hiatus seniilunaris. Occasionally a chain of cells is found opening one 
into another and hnalK' into the hiatus. 

The middle ethmoidal cells var\ more in size than either the anterior 
oi- the posterior. The inner co\-crin,u or wall of the cells is spheroidal 
in form and is known as the l)ulla ethmoidalis. It is situated in the 
upper portion of the latercd waU of the hiatus semilunaris, and extends 
downward and inward toward the unciform process. The openings 
(A the cells are in the outer portion of the liulla ethmoidalis and the>- 
discharge into the hiatus semilunaris. 

The posterior ethmoidal cells are usualh' two or three in number. 
The\" cU'e found on about the same i)lane as the anterior and middle 
ethuKjidal cells, are irregular in shajjc, and usually ha\'e their general 
outlet into the superior meatus. 

THE ORBITAL PROCESSES. 

The cells oi the orbital processes of the palate l)ones are two in 
number, one on each side. Kacli cell is small and situated below the 
posterio)- part of the floor of the orbit. It is, like many other air cells, 
irregular in sha|)e and size. it oi)ens into the third or superior 
meatus. It occasionalK' extends backward near to the sphenoidal sinus 
or outwarrl aroimd the ixjsterior wall ot the maxillary sinus, from which 
it is separated by a thin ])late ol bone (see Figs. 213 and 214). 

THE SPHENOIDAL SINUSES. 

The si)henoidal sinuses are two, one on eath side, irreguku' in shaj^e 
cUid size, situated in the body ol the sphenoitl bone (see Figs. 257, 258 
and 2.S0). Tlie septum between them is generally dcHected to one side 
or the other (see Mgs. 257, 27c; and 2,So). Incomplete septa ma>' 
also be lound at the posterior portion of these (_'a\'ities, ^\"hich di\'ide 
them into se\"eral int'omplete compartments (see Figs. 279 and 2S0.) 
Sometimes these sinuses may extend backward to tlie basilar process 
<jf the (x'cipital bone, or forward t(.) the cribriform plate of the ethmoid 
bone, or laterally into the base of the great wings of the sphenoidal 
bone, or int(j the clinoid process (see Figs. 217 antl 21.S). They are 
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lined with mucous membrane, which is continuous with the Hning of 
the upper and posterior portion of the nasal cavities. 

The greater portion of the anterior surface of the body of the 
sphenoid ])one is open, these openings are covered to a great extent 




Fig. 2.SS, — Horizontal section tlirougli tlie orliits, ethmoid cells and s|)hen(jidal sinuses. 



b}' the sphenoid conchas (sphenoidal turbinate processes) which are 
two thin triangular-shaped plates. The p(jsterior surface is concave 
and faces the Ixxly of the sphenoid bone to which it becomes attached. 
The anterior surface is convex and is associated with the ethmoid in 
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front, InrmiiiL; a portion ol the roof of tlic nasal cavity, throuL^h each 
ol these ])lates is an ostium tliat .i;i\ es passageway from the sphenoidal 
sinus to the hi;<hest meatus ol the nose. Pathological conditions 
arising through ahiujrmal irregularity ol these C(Mich;e are difficult to 
diagnose and treat. 

Hg. 25N is Irom a horizontal section cut through the centre of the 
orbits, ethmoid cells and sphenoidal sinuses. The sphenoidal sin.uses 
are large \\ith a slightly cur\ed sejitum between them. Cross sec- 
tions ol the carotid canal may Ije seen posterior to the sinuses. 

CELL OF THE CRISTA GALLI. 

Sometimes a cell is found within the crista galli (see Figs. 269, 
2St, 2,S2, 2()2, 293, 204, 21)5 anil 29^). In such a case the oix-ning is 
in tront and conuuunitates with one of the fi-ontal sinuses. It might 
be termed aw e'Xtension ol the Irijntal sinus into the crista galli. 



CHAPTER XI. 

VARIATIONS IN THE ANATOMICAL STRl^CTLRES 

OF THE FACE. 



The variations exhil)itL'd in the internal anatomy of the face are 
so common that it is sometimes difficult to differentiate the normal 
from abnormal anatomy. Some of the most imi)ortant and common 




Fig. 259. — Front view of asj-nimetrical skull, slio«'iiig" the right side more tulh" dc\"elopcd than the 

left side. 

\'ariations found in the writer's dissections are described in the 
following pages. 

Fig. 259 is a front view of a skull which has an asymmetrical arch 
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of the uKjuth. Tlie i;reatur jiortion (jt the teeth have been lost in 
early life. The canine fossa ol the right side is lacking, the face being 








Fk.. 2r,0.— Wrlical tninsvcrse dixi^Mjii ..I I'l-. „'.S'), >Ii,,wim:< ,i l.irmT ni,L\ill,i|-\ -^liuiv en llir Irit side 

I ll.in 1111 I hr ri"lil . 



^-el-^' prominent at that i)oint. The teeth have not lieen in normal 
position. The septum is deflected toward the left side. In a skull 
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of this character the internal structures will usually be decidedly 
unsymmetrical. One might suppose that a large sinus would be 
found under the fulness of the canine fossa, but in this particular case 
it is rather small. 

Fig. 260 represents a vertical transverse section of the skull shown 
in Fig. 259. It will be seen that the right sinus is smaller than the 
left, the fulness of the region in the infra-orbital foramen and the 
canine fossa being due to the thickness of the bone. The frontal sinus 
of this specimen is large and extends downward between the orbits 
lower than usual. 




Fic. 261. — Anterior \-iew (il a \erlic.Ll traiis- 
\^crsc section of skull througJT tlie centre of tlic 
orliits, nasal ca\'ity, and maxillarA' sinus, the 
lower inner corners of the maxillary sinuses 
[)assing partly under the nasal ca\-ity. 
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Fig. 2o2. — Posterior \ie\v of a \ertical Ir.ms- 
A'erse section of skull in region ot second pre- 
molar, showing lack ol symmetr\- in nasal ca\-ity 
.mil maxillary siimses, with the .septum ,ind 
"s[)ur" passing o\'er the inlerior concha. 



Fig. 261 exhibits a condition occasionally met with, the floor of 
the sinus dipping downward and passing i)artly under the floor of 
the nose. The same condition will be found in Figs. 284 and 297. 
Resorption has taken place between the plates forming the floor of the 
nose and the roof of the mouth. Sinuses like these could be drained 
directly by an opening through the palatal surface of the mouth. In 
skulls of this character the ^•ault of the mouth is high. 

Fig. 262 exhibits an entire lack of s^-mmetry between the nasal 
cavity and the sinuses of the right and left sides, the inferior meatus of 



2(iC. VARfAT/O.XS {\ .WATOMICAL STRUCTURES OF FACE 

OIK' sidr hrino closed anteridrly l.>- the deflected nasal septum and the 
"spur" upon it. in such cases as this, insi)issated mucus often collects 
and the outlet of the nasolacrimal duct may be interfered with. 

Fius. 2(13, 204 and 265 are from the same subject as Fig. 262. An 
instrument passed through the axis of the aheolar process, shown m 
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l-^IG. 2().x — Anterior \-ir\\ nf a \-ertical trans- 
\ir>u M_cli(in of thr -kull -liowii in Ml;-. 2i.2, 
bliow iiit; an as\ innu'lricil .(jiiililMin nl i Ik- two 
sicJus. 




Fig. 265. — .Xnlerior \ ic\\ ol \,Tiir,il Umii> 
\'crsc si'cl ion (ail Ironi llii- | lo^tcrior p.irl ol tin 
n.L^al c.i\ll\" anti nia\ill.ii'\ ^nui^, ll is ham 
the sLinuj skull as ki-s. 1(,1, It,'^ .mil 2(i4. 




Flo. 264. — Posterior \ac\v of section shown 
in I'i-. 26.x 




Fir,. 2f)6. -Anlerior \ie\\ of a \ertical Irans- 
\ erse section, showin'^ kick ol iiniloniiit\' in the 
t w f.) ni.i\illar\" sinuses. 



the right ^ide of T^ig. 2i)\ or the left side of Fig. 263 or Fig. 26=;, would 
]ierloi'ale ihe n.isa' ca\il\', iubtead of the floor of the niiixillary sinus. 

I'dg. 20(), which is taken from a different slcull, shows an almost 
straight septum, with liiUiteral syiumetry as regards the nasal ca\it>'; 
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the maxillan' sinuses vary, ho\\e\'er, thnjughout the de])th of the 
skuU. On the right side the sinus would not Ije reached by drilling" 
through the ah'eolar iM'(K-ess, while on the left side the sinus is just 
above the process, and the floor is below the level of the fl(jor of the 
nasal cavity. 

Fig. 267 is from a vertical trans\'erse section in the region of the 
first premolar. The sei;)tum is almost straight, but there is a great 
variation in the maxillar)- sinuses. The lateral wall of the nasal cavity 
of the right side is also the outer plate of the maxilla, the floor of 
the sinus feeing on a much higher plane. In the flcjor of the left nasal 
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Fig. 267. — Anterior \'ie«' of a vertical transx'erse section, near the first premolar, showiny \-ariation 
in the niaxillar\- sinnscs and the nasal cavities. 

c^xvity is an cle\'ation which co^'ers a tooth root, probably that of a 
supernumerary tooth. In Figs. 263 and 267 the nasal walls of the 
right inferior meatus ])ass outward under the maxillary sinus to the 
facial portion of the maxillary bone. In Figs. 270 and 283, the 
same condition will be observed on both sides. In the event of 
attempting to drill into the maxillary sinus from the canine fossa 
in such cases as are represented in these figures, as is sometimes 
advised, the ojiening would be made inttj the nasal ca\'ity instead of 
into the sinus. 

Fig. 268 is a vertical trans^'erse section made in the region of the 
second molar, the nasal cavities are large with a straight septum, the 
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Fig. 268. — Posteridr \-ic\v of a vertical section made in the region of the molar teeth, sho^^ing small 
sinuses and large nasal ca\al\ .in^l n.irrow dental .irch. 




Cell in crista galli 



I'k,. 2(i').--r\\n \erlli..il tr.in^Nerse seetimis. 'The surfaces shown .ire di\'ideil Ironi eacli other. 
\ari.ii ion- .irc> shown in I he niaxillary sinuses and nasal ca\ity. A cell is also shown w ithin I he crista 
g.dii, wItIcIi opens into the Ironlal sinus. 
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dental arch is narrow and the maxillary sinuses small, they do not 
extend downward in the direction of the teeth and alveolar process. 

Fig. 269 shows two sections from the same skull as Fig. 268, cut 
more anteriorly, in the region of the premolars. The parts are almost 
s^'mmetrical. The crista galli has been cut trans^•ersely, showing 
within its walls a cell of considerable size, opening into the frontal sinus. 

Fig. 270 is made from the skull of an aged person, in which the 
bones have become much resorl^ed. It is comparatively symmetrical, 
with the floor of the sinus much higher than usual, and the nasal cavity 
extending outward to the external portion of the maxillary bone. 




Fk;. 270. — AiUerior view ol a \-crtical transxerse scclioii Iroin tlit- skull of an aged person, showing 
large nasal ca\'ities with small maxillary sinuses. 

Occasionalh- in surgical practice abscesses are found oi)ening on the 
face in the region of the zygomatic bone. These are usually looked upon 
as of superficial origin, but sometimes when carefully examined they 
are found to be associated with the maxillary sinus. Fig. 271 will 
partly explain whA', in some cases, abscesses of the maxillary sinus 
open at this jjoint. The section is made at the region of the maxillo- 
zygomatic articulation. The maxillary sinus passes far into the zygo- 
matic bone, extending backward into the temporal process. 

Fig. 272 is from a skull in which the nasal cavit\- extends outward 
o\-er the alveolar process until it reaches the outer wall of the maxilla. 
The points of the palatal roots ot the first and second molars appear 
in the floor of the nasal cavit>-. The floor of the maxillar}- sinus is 
well up on the side of the bone. 
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Fig. 273. — A sagittal section ot a grejlKnmd's skull, shcjwing the 
nasal cavit)' extending to the (juter wall ot the maxilla, no true maxil- 
lary sinus is found, though the inferior concha helps to parth- shut off 
a space \\hich might be named the conchomaxillary sinus. 




Fig. 271. — Section through 
the UKixilliizyguiii.itLC articula- 
tion, xhnwiny that occasionally 
the iiM.\ill.[r\- >,inu,s passes into 
the z\eoni.i. 




rifT 



tie.. 272. — Interior \"ie\\ ol tlie external wall of the nasal 
ca\il\-, showing portions of the p.ilatal roots of the first and 
secon<l molar teeth in the lloor of the nose. 









Fig. 27,1. — S,e,;itlal section of a 






Fig. 274. — A sagittal secti<in of a liadger, sho\\'ing conditions similar 
to that of the greyhound, Fig. 27,v The root ol a tooth is seen in the 
lloor ol the iKisal ca\ily similar to the roots shown in the human nasal 
ca\it\-, Fig. 272. 

I'dg. 275 is a picture Iroiu the external or tacial surface of Fig. 272, 
which ilhistrates that the resorpli(jn ol the aheolar process from 
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over the buccal njots (/ the teeth may progress while that portion of 
the bone along the free margin of the process is left intact. 

Figs. 276 and 277 show a \-ertical transverse section of the upper 
jaw. In Fig. 277 the roof of the maxillary sinus is almost horizontal, 
which is a verv unusual condition. The illustrations show what is 




Fig. 274. — Sagittal section uf a badger's skull. 




'-*!&(■ 




Fig. 275. — External view of facial surface of Fig. 272, showing the resorption of the outer part of 
the alveolar process, lca\-ing a line of bone near the free margin of the process. 

apparently a division of the sinus into two, the smaller or outer division 
forming an infra-orbital sinus. This condition is caused by a bony septum 
passing down from the centre of the flcjor <jt the orbit, cutting ofif a por- 
tion of the sinus, and forming an extra chamber, which of course is con- 
tinuous with the true sinus. In the centre of the sei)tum-like wall is 



271' ]'AR[Ari(>XS [X AXATOMICAL STRUCTURES OF FACE 



Miildlu ethmoidal cells 



Infra-orbital nerve— ^^jV ^.— (.-. 

Muscles of face -— -' '■''<^'^ i/-^ 



MnJiJIc concha 
Uncilorm process 




— Inferior concha 
Inferior meatus 



Fk.. 270. 



Ml..Mlr_ 

ctlimuidal uells 

Hiatus semilunaris 
Unciform i)rocess 







-Infra-'jfbital nerve 



Muscles of face 



I'K., 277.^\'c'rtical transx'crse (li\-ision of tlic upper jaw 
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a tube (jr canal conveying" the infra-orbital nerves and vessels. Above 
this, and at the junction of the septum with the floor of the orbit is 
an adjunct infra-orbital canal and ner\-e. At the upper inner corner 
of Fig. 277 is the normal opening of the maxillary sinus, the ostium 
maxillare, communicating with the hiatus semilunaris. This section 
l:)eautifully illustrates how the hiatus semilunaris is bounded on the 
inner side by the unciform process, on the outer side by the wall of 
the sinus, and above by the bulla ethmoidalis, containing the middle 
ethmoidal cells. Should the bulla become enlarged, or the mucous 
membrane of this region be swollen, the hiatus would be closed and 




Fig. 278. — Po.stei-ior \-ie\v of \'ertical section through the orbits, maxillary sinuses, posterior ethmoidal 

cells, and the third molar teeth. 

fluids could not pass directly into the middle meatus but would be 
thrown into the maxillary sinus. 

Fig. 278 illustrates a \-ertical transverse section of the face. It 
gi\es a good sectional \-iew of the j^osterior ethmoidal cells. The white 
line is on a level with the floor of the orbit in the anterior portion of 
the section. It will be noticed, as is often the case, that the roof of 
the maxillary sinus runs up as it passes backward until it is far abo\"e 
the level of the floor of the orbit at its anterior margin. 

Figs. 279 and 280 show two sections made by a horizontal trans- 
verse section a little below the roof of the sinus. In this case the 
e-ommencement of the ostium maxillare is within the roof. It passes 
backward and inward to the hiatus semilunaris. A probe placed in 
18 
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FlC. 280 
Figs. 279 and 280. — Two illustrations. Fig. 270 shows the r()(jf of tlu- maxillary sinus ant.l upper por- 
tion of the nasal cavity; Fig. 280 shows flic niaxillar>- sinus and nasal ca\"it>-. 
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the lett ostium maxillare indicates its position. Immediately to the 
left of the probe is a section of the nasolacrimal duct. On the opposite 
side, the lower wall of the right ostium has been removed. 

That the great variations found in the nasal cavities and maxil- 
lary sinuses may l)e fully appreciated, skulls of widely different tj-pes 
have been selected and photographed together. 

Figs. 28 1 and 282 gi\'e a posterior view of two sections made from 
different skulls. They show great variations in the depth of the face, 
and the size, shape, and position of the maxillary sinus. In Fig. 281 
the sinuses are much smaller than in the shorter-faced picture, Fig. 
282. In Fig. 281 the septum has a spur extending outward until it 
comes in contact with the inferior concha, the frontal sinuses pass 
well down below the level of the centre of the orbits. In both illus- 
trations there are distinct cells in the crista galli, which open anteriorly 
int(_) the frontal sinuses. 

Figs. 283 and 284 were made in the same manner as Figs. 281 and 
282, and show two sections cut in about the same position from two 
different skulls. There is again a great difference in the depth of the 
faces. The maxillary sinuses in Fig. 283 are small and placed high 
up, allowing the lower portion of the nasal cavity- to extend outward 
over the alveolar process. In Fig. 284 the maxillary sinuses are large, 
their floors extending down below the floor of the nasal cavit>', and 
passing inward over the roof ot the mouth, so that only a small space 
is left between the sinuses. The enlarged sinuses allow but little room 
for the nasal cavities. 

Figs. 2S5 and 286, also made from two dift'erent skulls, show 
variations in the depth of the nasal cavities. A good illustration of 
the fourth meatus and a part ui a fifth is sh(jwn in Fig. 285. 

Figs. 281, 282, 283, 284, 285 and 286 serve to show several varia- 
tions in the sinuses and nasal cavities. Similar comparisons between 
the sphenoidal and frontal sinuses, and the ethmoidal and other cells, 
would show as marked dift'erences. Bilateral variations almost equally 
extensive are found in the individual skull, except as to the depth of 
the face. The diagnosis and surgery of such cases must follow in 
accordance with the variations existing in the anatomical structures. 
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In Fig. 2.S7 is shown an anteToixjsterior section illustrating the 
close relation lietween the frontal and maxillar)- sinuses. It also shows 
that in this instance fluids could pass from the frontal sinus and eth- 




Im... 281 












•'*'^-\ 



jf 



iMi.. lai 

Figs. 2.S1 ami IHI. — I'uslcrior \ie\v^ of two \erlical transxcr.sr sections made from diflerent 
skulls in uljout the same anali^iiniral region, shoeing" yreat \ariatioiis as to the de|"ith ot face, and 
size and shape of the maxillary sinuses ,inil nasal ca\'ities. 
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moidal cells into the maxillary sinus. Of the two probes passed through 
the ostium maxillare, one goes directly through the posterior portion 




Fig. 283 Fu.. 284 

Fics. 283 and 284. — Pusterior \-ie\vs (jf two "\X'rtical trans\-erse sections made from different 
skulls in about tiie same anatomical region, showing great variations as io the deijth ol tace, and 
size and shape ol nasal ca^■ities and maxillar\- sinuses. 







Fig. 285 



Fit,. 286 



Fig.s. 28.5 a)id 286. — Two illustrations from different subjects, showing great \-ariations as to depth 
and size in the external wall of the nasal ca\'ities. Fig. 285 shows four meatuses. 
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of the hiatus semikmaris into the middle meatus, while the other 
(the \-ei-tical one) passes into the hiatus semilunaris, then upward 
and a little forward into the frontal sinus. 

Fig. 2<S,S is an anterior \\c\v of a trans\-erse \'ertical section, showing 
the lower portion of the frontal sinuses on both sides, with a probe 




I- k;. 2N7. AiUrro-ijnsiciiur M,(iiiin sIkiw iiil; inner w.ill ol thu (irl lit, and the maxillary sinus with 
l\\(i ijrolje-, Ihriin^h the (isl inni ni,ixill.n-e. The conical elexation in the Hoor of the sinus is where a 
loot of a loolh has lieen lefl, retanliny resorption in this |>art ol the Hour, in the remainder of which 
I he process has been acti\e. 



passed finni the right sinus (l()wn\\'ar(l and slighth' outward along the 
hiatus semilunaris, antl then thr(.)Ugh the ostium maxillare into the 
maxillar\- sinus. It will be noticed that there is f|uite a ditTerence in 
the anat(jmical characteristics of the anterior ethmoidal cells. 
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Fig. 289 is a posterior view of the same section as Fig'. 288. The 
course of the probe can be traced as it passes downward along the hiatus 
semilunaris, through the ostium maxillare, and into the sinus without 
obstruction. There is a lacls: of bilateral symmetry in the unciform 
process and bulla ethmoidalis. As this is a section of a negro skull, the 
great thickness of the floor of the maxillary sinus is accounted for. 

Fig. 290 gives another yicw of the hiatus semilunaris leading down- 
ward and backward from the frontal sinus into the middle meatus, a 





P'iG. 288. — Anterior view of a vertical trans- Fig. 289. — Posterior view of section sliown 

\'erse section of a negro skull Ijetween the second in Fig. 288. 

premolar and the first molar tooth, showing probe 
passing down into the maxillar>- sinus, through 
the frontal sinus, the hiatus semilunaris, and 
ostium maxillare. 

portion of the walls (bulla ethmoidalis) covering the middle ethmoidal 
cells having been cut away. 

Fig. 291 shows two hiatuses, or infundibula, leading directly into 
maxillary sinus. Through the posterior hiatus a probe has been passed, 
the outer wall of the anterior one having been cut awa>' in order that 
a better view could be obtained. 

Figs. 292 and 293 illustrate a vertical transverse section, show- 
ing more direct communication between the frontal and maxillary 
sinuses than Figs. 288 and 289. They give posterior and ante- 
rior views of the satire section. Fig. 292 having that portion 
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of ihe face rcmoNcil whicli extends back to the premolar teeth 
Ijelow , and c\i)uses the frontal sinuses ab(jve. The septum of the 
nose is deflet'ted and a "si)ur" reaches over to the ris^ht ctjncha. The 
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I'll,, 2')l). — Interior \\i:\\ of tlie lau-ral «all 
of thu nasal ca\it\ with part mI the buiK- CLit 
awa\' to show l\\v hiatus s;-niikinaris and the 
mifhHf clhnioidal cells. 




KiG. 291. — Section showing two hiatuses, both 
leading directh" into the niaxillar\ sinus. The 
posterior hiatus has a ijrobe passing through it, 
the anterior one has llie external wall ctit away 
in order that a better \iew max lie obtained. 
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frontal sinuses extend clown Ijelow the middle of the orbit. Between 
them there is an interfrontal cell extending backward into the crista galli 
as is shown in Fig. 293. A wire passed downward from the right frc^ntal 
sinus is again seen in the maxillary sinus. Fig. 293 shows the section 
cut posteriorly to the first mcjlar teeth. The fnjntal sinuses extend 
in an outward direction o\-er the orbits. The wire shown in Fig. 292 
is seen passing downward from the right frontal sinus thnnigh the 
intundibulum and hiatus semilunaris and entering the maxillary sinus 
through the ostium maxillare. 




Fig. 294. — Anterior \'ie\v of vertical lrans\'crse section in tlie region ol the first molar teetli, 
showing anterior ethmoidal cells, and a cell in the crista galli. The frontal sinus extends downward, 
becoming common with the ethmoidal cells and maxillary sinus. 



Fig. 294 shows an anterior view ot a \'ertical transverse section in 
the region of the premolar teeth. Between the orbits are seen the 
anterior ethmoidal cells, and also a sinus in the crista galli. In this 
case both sinuses extend upward and become common with the ethmoidal 
cells and frontal sinuses. 

Fig. 295 gives a posterior view of a vertical transverse section cut 
in the region of the first mcjlar teeth and through the crista galli. The 
septum is deflected toward the left side; the right maxillary sinus 
extends upward and inward, terminating in a large opening into the 
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hiatus semilunaris witliout a true line oi demarcation. The left maxil- 
lary sinus extends forward into the inira-orlntal ridye, forming an 
infi'a-orhital sinus somewhat similar t(^ those shown in Figs. 22;^, 224, 
229, 230, 276 and 277. The numer(His p(Kd<ets in the anterior portion 
of the maxillary sinus would render it difficult tcj treat should it 
become diseased. 

Fig. 296 shows a posterior \-iew of a \-ertical trans\'erse section from 
the skull of an aged person. The floor oi the maxillary sinus, the nasal 



Infra-orbital sinus 
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us scniuunans 



Fir,. 295. — Posterior \ie\v of a \x-r(iiMl lran>\ci-M.' M,-ctiiin tliroui;h tin.- first molar teeth. The 
right hiatus semilunaris in this subject communicates with the ma.\illar>' sinus without a true ostium 
maxillare. 



and the lower border of the cdx'eolar i)rocess are almost on a horizontal 
line. The lelt maxillar>' sinus extends upward until it passes into 
the frontal sinus, without an\' line of demarcation between sinuses 
or cells. In the crista galli is seen a small sinus or cell which extends 
forward into the frontal sinus. This last formation is also shown in 
Figs. 269, 2(Si, 2X2, 2(-)2, 293 antl 294. 

Fig. 297 shows a ]:)Osterior view of a \'ertical trans^•erse section 
cut JK'hind the first molar teeth. The maxillary sinuses are almost 
culjoidal in shape and extend dtjwn below the floor of the nasal cavities 
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Fig. 296. — Posterior \'icw ol a \-erticai trans\'erse section in tine region of tlie ostium niaxillare. 
From the skull of an aged person. The Hoor of the nasal ca\aty, the alveolar process, and the floor 
of the sinus are nearly on the .same le\-el. The left niaxillar\- sinus extends upward through the region 
of the anterior ethmoidal cell into the frontal sinus witliout a line of demarcation between them. 




Fig. 297. — Posterior view of a vertical transverse section near the first molar teeth, showing 
maxillary sinuses which are nearly cuboidal in shape and which extend downward below the floor 
of the nasal ca\'it5-. The nasal cavity is narrow and the walls dividing it from the sinuses are conca\o- 
convex in their vertical direction. 
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inward and toward tlu' medial line, outward into the z)-g'omatic IxMies, 
and upward inln the ethmoidal ceUs. The inner waHs are not straight, 
as in Figs. ig6 and 197. Starting at the floor of the sinus, almost 
o^■er the t'entre of the dome of the mouth, the inner wall, as it extends 
upward, ^■ur^'es outwardly, then inwardly to the point at which the 
interior concha [jrojects into the nasal ca\'ity. This formation leaves 
a \ery narrow or contracted nasal ca\aty, a deformity also shown in 
Fig. 2.S4. 




i' ]('.. 2'AS. — I'ostLi'inr \ icw ol .1 wriiial t r,in^\ (.'I'se M'tjliun in I Ih' r(,';-;i"ii "' the --ccijiid premolar. 
shiiwiiiL; will's passing from I lir Ironlal sinuses into I lie nia\illar\' sinuses. 

Fig. 29N is a ])()stL'i'ior \iew of a section made back of the premrjlar 
te(.'th. On either side a wire has been passed trcjm the two fr(_Mital 
sinuses down through the ostium Irontalis into the hiatus semilunaris 
and thence mto the maxilUu'y sinus; the wire on the left side can be 
seen at \'arious points as it passes (l(.)wnward. This condition indicates 
direct conmnmic<dion lietwi-en the frontal and maxillary sinuses. 
There are also two huge cells between the ]:)lates of the middle concha. 
In the upper median corner of the maxillary sinus, esiiecially in the lett 
(jne, is a se[jtum forming an intrii-(jrbital sinus. 



CHAPTER XII. 

THE RELATION BETWEEN THE MOUTH, TONGUE, 
PHARYNN, AND NASAL CHAMBER. 

Frozen Sections. — The sections of the head which have hitherto 
been described were cut from partly- dried specimens which answer 
the purpose very well, especially in and about the nose and its asso- 
ciated sinuses and cells, but they have one serious fault — the scjft tissues 
have so shrunken that the3' are far from showing what they were in 
a fresh condition. Many of the modern applied anatomists have 
adopted the following plan for the study of the relative values of these 
parts. 

The bodies secured for this work should l^e those that have not 
lost their true anatomical form through disease. The}' should be pre- 
pared as soon as possible after death, hrst l)y injecting a solution of 
formalin to harden the soft tissues, followed by injection of a magma 
of colored plaster of Paris, after which the body should be covered 
with a coating of ^•aselin and wrapped in cloths to prevent evaporation, 
and placed in a refrigerator at a temperature of about 15° F. When 
thoroughly frozen it is reach' for sectionizing. The saw for making 
the sections should have a thin, broad blade, with fine, chisel-shaped 
teeth; in this way the finest bone can be cut without fracture, and 
even the soft tissue of the brain without displacement. 

The following illustrations are made from frozen sections: 

Fig. 299 is an illustriition made from a section cut horizontally, 
just above the mylohyoid muscle looking upward to the base of the 
tongue. The various structures shown are indicated on the margin. 
It will be noticed that the tongue rests very close to the inner surface 
of the mandible and the jjterygoideus internus muscle, the cross section 
of the pharynx is shown with the point of the uvula in view. Should 
the mandible be compressed and a narrow dental arch exist, the tongue 
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would he forced backwdrd into the pharyngeal space, intertering with 
nasal respiration and other t unctions of the nasal cavity. 
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Fig. 299 
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Fig. 300 is made from a horizontal section at the junction of the 
upper lip and nose, showing a longitudinal section of the septum of 
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Fig. 3U0 



the nose, the lower borders of the inferior concha, and the maxillary 
sinus. Within the outer wall of the nasal cavity the longitudinal 
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section of the auditor} tube may lie seen, and a little posterior, the 
phar^•nu,eal recess. 

Fi;^. 301 is from a sagittal section of a frozen skull, showing the 
\-arious structures of the brain. It also gixes a true idea of the lateral 
])ortion of the nasal ca\-ity, the hard and soft palates, the phar^-nx, 
the mouth, the tongue and the epiglcjttis, and their relations to each 
other. The first incisor teeth are in good occlusion. The mouth is 
nearh- filled by the tongue, leaving but little space under the arch of 
the palate. The tongue also extends well liack into the oropharAnx, 
confing in contact with the sott palate, which is carried backward 
against the postphar^-ngeal wall. The epiglottis at the base of the 
tongue rests slightly against the back of the pharynx, leaving but 
little space for respiration which, howe\'er, is sufficient when the 
indi\'idua! is at rest. ]5ut during exertion, when more breathing space 
is required, the mouth is oijened and the space in the phar^'ngeal region 
is increased. In this section the floor ot the nasal ca\'ity extends from 
the anterior nares liackward and slightly downward almost to the 
]iostphan'ngeal wall without a line of demarcation. 

The general sliape of the ro(jt of the mouth at the median line is 
-well displayed, and may lie descriljed as extending from the anterior 
teeth backward and slighth* downward in a conca^•e line nearly to the 
postpharyngeal wall. 

In the normal living subject when the uKjuth is closed, the soft 
jialate, the jiosterior f)order ot the tongue, and the epiglottis are all in 
close proximity to the postpharyngeal Wcdl. The soft palate, on its 
nasal surface is higher along the center line than at the edges, a shape 
which causes the fluids li'(.)m the nose and its accessory sinuses and 
cells to be directed toward the outer wall ot the pharynx and on to the 
esophagus. The dorsum ot the tongue also acts in a similar manner 
tor the oral ca\it>'. The epiglottis is so shaped as to throw the fluids 
to the side ot the jihar^nx i)ast the opening ot the pharynx. It does 
n(jt, as described l)y some, shut down like a trap-door o\'er the glottis 
to prexent fluids Irom passing into it. 

Fig. 302 is b'(im a xertical transxerse section ot a negro head, cut 
in the region ot the molar teeth. The section exposes the frontal 
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sinuses, which are larger than comoKjn, and extend remarkably deep 
between the eyes. The septum deflects slightly to the left side of the 
median line. From the right side a piece of wire has been passed from 




Fig. 302. — \'crtical lra)is\"ersi.' sucliun of negro head, cut in region of the molar teeth. 
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the sinus directly downward througli the infundibukini (ostium fron- 
talus), the hiatus semilunaris, and the ostium maxillare into the maxil- 
lary sinus. Below, and a little outward from the frontal sinuses are 
the transverse sections of the orbits with the tissues of the eye in 
position, in which may be seen cross-sections of some of the recti 
muscles. The dark inner membrane is the choroid. Between the orbits 
are the anterior ethmoidal cells, the unciform processes, the hiatus 
semilunaris, the middle concha, and the septum of the nose, which 
passes downward to the floor of the nose over the intermaxillary suture. 
There is a slight spur on the right side of the septum. In the lower 
portion of the nasal cavity are cross-sections of the inferior concha. 
Below the orbits are two almost typical maxillary sinuses. External 
to the walls of the sinuses are the muscles of mastication which pass 
downward to the mandible, passing through these muscular tissues are 
arteries, veins, and nerves. 

The upper teeth, the alveolar process and the roof of the mouth are 
nearly typical in their formation. The space between the tongue and 
the roof of the mouth is similar to that shown in Fig. 301. Professor 
Donders^ has spoken of this space as acting somewhat on the same 
principle as the vacuum chamber in an upper artificial denture. In 
the cross-section of the tongue will be noticed the raphe and the blood- 
vessels, etc., the longitudinal section ot the mylohyoid muscles is also 
shown, with a portion of the submaxillary glands and the integuments 
below them. This section was cut with the mouth closed, so the lines 
of the fibers of the mylohyoid muscles are nearly horizontal while in 
Fig. 306, where the mouth was opened when frozen and sectionized, the 
fibers descend downward and inward. 

Fig. 303 is a similar section to Fig. 302, giving an anterior view. 
Immediately below the dome of the skull are the meninges. It will 
be seen that the membranes in the centre pass downward to form 
the falx cerebri, the lower edge of which is attached to the posterior 
portion of the crista galli. At the top of the falx cerebri is a \'-shaped 
cross-section of the longitudinal sinus. The frontal lobes of the brain 

■ Arch, of ges. Physiol., Bonn, 1875, Bd. x, S. 91. 
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sliow \ari(.)us txjinolutions, and it will l)e noticed that the\' are not 
s\ninietrieal. Inimediateh' below the brain are the inner walls of the 
(rontal sinuses, passing \\ell l)ack\\'ard and outward o\-er the orbits. 
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Below these sinuses are the cross-sections of the orbits and eyes, the 
various recti muscles of the eye, the optic nerve and the ophthalmic 
arteries and \'eins. Between the orbits are the middle ethmoidal cells. 
Within the nasal cavity are cross-sections of the median wall and the 
middle and inferior concha. On each side of the lower portion of the 
nasal cavity are the maxillary sinuses, showing their postericjr walls. 
The entire face is more or less compressed, especially the upper and 
lower jaws. The tongue has l)een forced out of shape by the pressure 
ot the walls, showing that it had not sufficient power to force the 
alveolar process outward. 

Fig. 304 is made Irom a transverse secticjn (j1 a frozen head. It ex- 
hibits a face narrowed and compressed, the maxillary sinus of the right 
side is lacking, and the other only rudimentary'. It will be noticed that 
while the internal structures of the face are very much compressed, 
the fl(jor of the nose is of fairh' good width. The septum is crooked. 
The arch c^f the mouth is very narrow in proportion to the floor of the 
nose. The mandible is also narrowed, consequently the tongue is 
very much compressed and out of shape and is forced backward into 
the pharvnx, thus interfering with respiration, especially when the 
mouth is closed. These anatomical structures are s(j modified and 
deformed that all the physiological functions are greath' intertered 
with. 

Normalh' the dorsum of the tongue lies against the hard palate, 
but, according to Donders,^ at the back ]jart it is separated from the 
soft palate by a small space. Owing to the weight of the jaw, there is 
a negative pressure in this space of 2 to 4 mm. . . . The jaw is main- 
tained in position, not ])\ muscular effort, Init l)y the pressure of the 
air; so that, if a tube from a manometer be passed between the tongue 
and the palate, the manometer shows a slight negati^'e pressure cor- 
responding to the weight of the jaw.- 

Fig. 305 is from a vertical trans^'erse section of the same skull 
used in Fig. 304, also showing a ^•er^• compressed condition of the 
structures surrounding the oroj^harynx. The u\"ula is twisted, the 
tonsils, the epiglottis and the larA'ux are out of shape from pressure 

' Loc. cit. ■' Schiifer's Text-book of Physiology, 1900, ii, 31-1. 
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Img. M)4-. — \cnicil tr.iiis\-erse section of a frozen head. 
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Fig. 305. — Vertical trans\-ersc frozen section. 
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of the toii.mie, ])r()(hKX'cl, not by a narrow floor of the nose, Ijut 1)\- a 
narrow dental arch. In this case it would be difficult to carrA' on free 
respiration, and in"i]j(jssible to perform the deep Ijreathing required 
by i^reat exertion. This morbid condition Ijrings a further congestion 
and thickening of the mucous membrane (jf the nose and its accessory 
sinuses. 

Fig. 306 is made from a ^'ertical transverse section of a frozen head 
cut in the region of the rami of the mandible and the ]:)(jsterior portion 
of the hard palate. The subject died with the mouth open, and it was 
not closed l:)efore the section was made. Near the anterior portion 
ot the i)harynx it will lie n(jtice(l that the fibres of the mylohyoid mus- 
cles pass backward and outward to the internal oblicjue lines of the 
mandible. II those muscles are kept in a state of tension, the angles 
of the mandible will be drawn toward each other and thus tend to 
contrat't the lower p(jrtion ol the lace. Comi)arison of tliis illustration 
with Fig. 302 will show great differences in regard to these muscles. 
In this sijecimen the palatoglossus and the i:)alatopharyngcus muscles 
are jilaced on tension, narrowing the distance between the right and 
left tonsillar spaces. This action of the muscles naturally influences 
the UiU'rowing oi the lace, as also d(jes the lack of percussi^'c force 
(jt the lower teeth against the U])i)er. \Mien the mouth is thrown open, 
the tongue lea\'es the roof of the mouth, thus gi\'ing passage for air; 
the hyoifl bone and all attached to it is dra\\'n downward. This also 
puts the tongue, the liyoid bone, the ])harynx and other structures 
that are closeh' associated with them on a tension. The muscles of 
mastication are also stretched. 

Fig. 307 is a trans\'erse section ot a skull that is almost symmetrical, 
showing the nasoi)haryngeal space Iree Irom adenoids. The soft palate, 
the u\'ula anrl tlie posterior jxirtion of the tongue are in good position, 
the tongue and soft palate being close together. Below the tongue 
and a little to one side, a cross-section ot the hyoid lione will be 
obser\'ed and below tliis the Inoid and cricoid cartilages, showing the 
inlet of the larynx and trachea. It the jiosterior portion of the tongue 
l)e remoxed, the tonsillar sijace will l)e l)rought in view as shown in 
Fig. 260. The section is cds{.) made through the l)rain case, the 
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I-IG. ,i()7. — Traiis\-crse fn.zL-n sectiun ul ^\-nll^.utrtc,ll skull. 
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Fig. 308. — Vertical transverse section of narrow skull 
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Fic. 310. — Frozen transverse vertical section. 
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Fig. 308 is a vertical transverse section of a narrow skull, showing 
a compressed nasal cavity, a deflected septum, lack of development 
of the ethmoidal cells, small maxillary sinuses and narrow alveolar 
arches. The tongue is compressed, part of it passing out between the 
jaws until it meets the cheek. When such conditions are found it 
usually indicates that the posterior nares are more or less obstructed, 
either with an osseous deposit or enlarged adenoid tissue. 

Fig. 309, made from the same skull as Fig. 308, is an anterior view 
of a vertical transverse section cut just behind the posterior nares. 
Beneath the dome of the skull, the lateral ventricles may be seen under 
the parietal lobes of the brain, which are separated by the falx cerebri, 
extending downward to the corpus coUosum. The temporosphenoidal 
lobes are also seen with the body of the sphenoid bone between them. 
The most important feature of this section in regard to respiration is 
that the nasophar;>'ngeal space has become almost closed by the enlarge- 
ment of the adenoid tissue. 

Fig. 310 is a similar section to Fig. 309. In the centre of the oro- 
pharyngeal space, the uvula may l.)e seen, below which is the post- 
pharyngeal wall, at the bottom of this space, the convex surface of 
the epiglottis is depicted and in the upper and outer corners the ton- 
sils. To the inner side of the tonsils, portions of the palatopharyngeal 
muscles are shown, while to the outer side, and slightly covering the 
tonsils anteriorally are the palatoglossus muscles. 

Fig. 311 is from a horizontal section cut through the centre of the 
orbits, the optical foramen and the optic nerves, then backward through 
various tissues including the brain. This section also exposes part 
of the ethmoidal cells connected with the upper part of the nose. 
Various con^"olutions of the brain and cross-section of the mesen- 
cephalon are shown, also section of the cerebellum, the edges of the 
tentorium cerebelli, the straight sinus, the falx cerebri, and the longi- 
tudinal sinus. 



CHAPTER XIII. 

A10D!FICATI<)\ OF THF NORMAL SHAPE OF THE 
BONE THROUGH ABNORALAL FOI^CPLS. 

The illustrations and descriptions already given demonstrate that 
there are \ery marked \'ariations in the character of the bones ot the 
tace, and of the sinuses and air spaces situated in and between them. 
It is e\'ident that there must ])e some general i)rincii)les underlying 
these clianges. 

Causes of Variations in Shape.- At the beginning of the growth 
of llie em])ry<i, cUid continuing throughout lite, there are two forces 
constantly acting upon the b()d\' which may be described as the intrinsic 
and extrinsic; the former gixing size and l)ulk to the tissues, but con- 
trolled and modified by the latter, which, acting b'um without, tends 
to limit the growth and gi\e torm to the tissues. It these two forces 
be normal — that is, ]M'<iperly balan(;ed — in ix.tential strength and 
a])plication throughout lite, the result will be a mirmalh' dex'elojjed 
organism: Ijut it these forces be interlerecl with in any Wtiy, 1)\' lack ot 
nourishment or undue external ])ressure, the indixddual may tail to 
de\ elop a normal ph\si(.|ue. 

Deposit of Salts of Calcium. II tor some reason there is an insutfi- 
cient quantit\- ot salts ol calcium assimilated into the l:)on>' tissue, 
tin- bones will be solt and tail to gi\'e ])roi)er shai)e to the body. The 
brain-tast' in such inst.uices is apt to enUu'ge when the intrinsic growth 
of the brain torces out the soft \ielding structures, while on the other 
hcuid an oxeraniount ot Scdts ol calcium will harden the bone, and 
cause it to resist the intrinsic torce and pre\'ent jumper de\'elopment. 

In early lite the undue dei^osit ot salts of calcium will solidity the 
sutures ol the brain-case and pre\ent the expansion of the brain. 
Microce])halic skulls are sometimes caused in this way. B)" the use 
of the surgical engine, artificial fissures ha\'e been made in the skull, 
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\\hich allowed the brain-case to expand, and thus enabled the brain 
itselt to enlars^e. 

The slopes and forms of the heads of the various races are influenced 
not only by the growth of the brain but also by artificial means such 
as are practised by the Flathead Indians of North America (see Figs. 
312 and 313) and by the prehistoric Indians of the Mesa X'erde^ (see 
Figs. 314-319). 



.^^' 










Fl(.. 312. — Side \'ie\v of a skull of Flathead North Ameriean Indian. 

Pnjf. Retzius gives a \'erA' interesting short description of ten pre- 
historic skulls, found b}' AI. (lustaf Nordenskiold in the cliff dwellings 
of the Alesa Verde, in which he ol.)ser\'es that an artificial defcjrmation 
of the crania "has been caused in early infancy by the application of 
pressure to the sui)erior parieto-occipital region, this part having been 
depressed with scmie flat (jbject.- 



' .A good collection of these skulls may be found in the Wister Institute, l'ni\'ersit\- of Penns\ 1- 
\ania. 

■-' The Cliff Dwellers of the .Mesa X'erde, Southwestern Colorado, Stockholm, 1893, 
20 
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Fig. 313. — Front \-irw of ^ame skull sIidwii in i^'g. 312. 




Flu. 314. — Side view of a prehistoric Indian ol tlie Mesa \'erde. 
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Fig. 315. — Posterior view of same skull as shown in I^ ig. 314. 




1 fC*--*^ *'■ ;: -: 
Fig. 316. — Anterior view of the same skull as shown in Fig. 314. 



!0S 



MODIFICATION OF NORMAL SHAPE OF BONE 




!(.. .il7. — X'iuu (if li,[M- n[ >kiill ^hdwn in I'i.y. ,?U. 




Flc. 3IX. — Side \'iew of prcliistoric h.l-:ull from a ciillucl ion in t'olorado Sii 
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In August, 1915, while \'isiting in Denver, the writer through the 
courtesy of Dr. A. H. Ketchani (jbtainecl jjcrmission to examine sixty 
skuhs, some ot which had recently lieen excavated from the ancient 
cliff dwellings of the Mesa A'erde, and was fortunate in being able to 
secure photographs and measurements of several of these artificially 
flattened brachycephalic skulls. 

Figs. 314-319, except Fig. 31 (S, are photcjgraphs of preliistcM'ic skulls 
belonging to this collection in the C(jlorado State Museum. 

Fig. 314 is a side view, showing result of [pressure placed on the 
occipitoparietal region causing aljnormally high dome, as evidenced 
by the height and corresponding diminution in the anteroposterior 
diameter. 




'^ ■ i~-^- 



I'lG. 31'-). — Side \ic\v (if a child's slcull fiiund in llic ciillcclion of tlic Colorado Stale Museum. 

Fig. 315 is a i)osterior Aiew o( same skull, showing greatest compres- 
sion in the region of the junction of the sagittal suture with the occipi- 
tal bone which has caused an increase in its transxerse parietal region. 

Fig. 316 is an anteriijr \iev.' ot same skull, showing decided l)rachy- 
cei)halic t\pe. 

Fig. 317 is a \'ie\v of base of skull (314), showing the abnormally sh(jrt 
distance trom the foramen magnum (basion) to the i>osteri()r portion 
of the skull, 61 mm., measurements of the base of this skull (see tal)le, 
page NS). 
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Fig. 32f; 




..YfT- 



Fid. .i21 

Figs. .^20 ;inil M]. — Side \-ic\v nf twn skulls; !• ii;, ,i2() is of I lie Ciiiicisi.in iMcc, Mg. 321 is of the Fan 

tril5C of West Africa.' TIh'\' sliow vre.il dillereiiees in coal'orniation. 



' Tlic I"an trilje skull Ijelonys to Professor K. T. Darby's eolleclioii. 
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Fig. 318 is a side view of prehistoric skull from collection in Colorado 
Springs, showing the same marked depression of the lambda and pos- 
tero-occipital regions produced 1j}' artificial means, many of the teeth 
are lost, some during life; remaining ones are strong but rather worn. 

Fig. 319 is a side view of a child's skull about four or five Acars of 
age, showing the same compression in the occipital region. By com- 
parison with the foregoing it will be observed that this last cranium, 
while presenting similar features, differs in the marked prominence 
of the frontal region, especially on referring to the skull of the flat- 
headed Indian as shown in Figs. 312 and 313. 




Flc. 322. — Composite picture of tli? two skulls shown in Figs, ill) and 321. 

Where no artificial deformation exists, the brain by its intrinsic forces 
acting upon the bone tissue will cause the skull to expand, according 
to the character of the individual race. If the anterior lobes of the 
brain are of large size, the f(jrehead will be carried upward and forward; 
if, on the contrary, the cerebellum be large, the occipital region will 
extend backward, while the forehead may lie low and receding. The 
two t}-pes are well illustrated in Figs. 320 and 321. Fig. 320 is taken 
from a European skull, and Fig. 321 from the skull of a Fan tribe 
negro, \^'est Africa. Fig. ^22 is a composite picture of these two skulls, 
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showing their relative shapes. Figs. 323 and 324 give the bases of these 
two skulls. 

Prehensile Type of Dentition. — A little study of these specimens 
brings out some features of spei'ial interest to the ethnologist. In the 
savage type a great predominance of develoi^ment in the region ot the 
cerebellum is fcjiind, conjinned with what may Ije called a prehensile t^'pe 
of dentition. It is l)clievcd this type was developed through continuous 
use of the teeth in tearing off jjortions of the substances a\ hich constitute 
the food of the savage races. The prehensile type of dentition is not 
ioimd in the ci\'ilized races, and as seen in the tyjjical skulls the cere- 
Ijellum is much less than in the savage. It would appear reasonable 
that the retention of the large cerebellum — the original type — in the 
latter results from the l(jw standard of intelligence eA'idenced by the 
])ersistence of the food hal)it which caused the prehensile type ot den- 
tition. The two pictures in Figs. 323 and 324 shoAv that the dental 
arch is actually located further torA\-ard in the skull of the sa\'age (Fig. 
;\22)) than in that ot ci\ilized man (Fig. 324). The anterior portion of 
the Z3g(jmatic process of the maxilla in the savage is on a line with the 
second molar; in the ci\alized man it is on a line with the second pre- 
luolar; a difference ecpialing the space of the first molar. These oljser- 
\ations are confirmed 1)\' a com])arison of Fig. 321 from the skull of 
an Atrican negro, and Fig. 320 Irom the skull of a ("aucasian. It 
\\<Kild seem jjroljable that the lessened prognathism of the Caucasian 
race is one (.)t the t)rincit)al ("auses of the suggested suppression of 
tlie third molar. An example of the occasional dcA'clopment of a 
rudimentary fourth molar (the paramolar of Bolk) of a i)rognathous 
saxage is seen in Fig. 325. 

Rudimentary or Suppressed Moiars.- -There are skulls of the Cau- 
casian i-aces whi(-h ha\-e only rudimentary third luolars; in some skulls 
the third molar is entireh' lacking. This has been recei\'ed l)y man}' 
wi'iters as ex'idence that the third molar teeth are being lost entirely, 
and as ;ui indication that men will CA-entually Ijecome more or less 
edentulous. The auth<ir is of the opini(.)n that the jaws and the teeth 
ot men are as giuKJ and fulh' formed at the present time as they were 
three thousiuid or more \ears ago; this does not include, h(j\\e\er, such 
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jaws and teeth as are found in the Heidelberg or Sussex skulls which 
are prehist(jric and supposed to be anywhere from two hundred thou- 
sand to a milli(jn years old. If ancient Egyptian skulls be carefully 
examined the rudimentary condition or comjjlete sui)pression of the 
third molar will be found ([uite as frequently as in skulls l)elonging 




Fig. 323 Fig. 324 

Figs. Mi ami 31-1. — I'nder \-ic\v of skulls shown in Figs. 320 and 321. 



relati\'eh" to the same class of people today. This condition is also 
occasionalh' found in the North American Indians. There is no difh- 
cultA' toda}- in finding jaws with good arches and with thirty-two 
perfecth" de^'eloped teeth, in the li\'ing subject and occasionally with 
supernumerary or fourth molars, (.)f which cxamjjles will be gi\'en. 
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Fig. 326 is made from the u|)pcr and lower jaws of a native 
Australian/ shcnving powerful jaws and teeth. There seems to have 




I'lr,. 325. — Side \-icw dl a prognathous skull ol a negro with eighteen teeth in the upper jaw. The 

roof of the mouth is shown in JMg, 346. 



t 
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Fig. 326. — Side \'ic\v ol an iippiT and lower jaw of a nati\"C .\ustralian. 
' Belonging to the eollection of Dr. E. C. Kirk. 
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been no caries in the teeth, Init there is strong evidence of pjorrhea 
alveolaris. The arches are (^f good width. 

Fig. 327 is made from a mcxlern mandible (see sl^uH Fig. 80), show- 
ing al)ont as powerful a lower jaw as that shown in Fig. 326 and the 
teeth are good, without deca>', and no e\idence of i)yorrhea ah'eolaris. 

Figs. 328 and 329 are made fnjm .v-ray pictures ot a Ijoy' sixteen 
years of age, showing a right and a left impacted mandibular second 
molar. Apparently the anterior occluding surfaces have caused the 
resorption of the j^osterior roots of the first molars; there seems to be 
no development of the third molars, also no e\'idence that the lower 
second premolars ha\e de\'eloi)ed. The njots of the deciduous teeth 
shcnv evidence (jf resorption, although there are no ijermanent teeth 
inciting this action. 




Side view of a modern hea\'\' niandiljle. 



Fig. 330 gives an .v-ray picture of the ui:)per and lower jaws. There 
is no evidence of the de\'eloi)ment of the left third molars or ot the 
second premolars, but as in the case of Figs. 328 and 329, the resorp- 
tion of the roots of the deciduous teeth had taken place without the 
action ot the permanent teeth. 

Fig. 331 is an .v-ray picture, showing teeth of the right side of the 
same jaws as Fig. 330, the third molar is de\eloping while the seccjnd 
maxillary deciduous molar has lieen shed without the premolar to take 
its place. It will also be noticed that there is no de\'elopment of the 
maxillary third molar. 

' Taken from a patient of Dr. T. (i. Barnes, Springfield, Mass. 
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Fig. 328 




RUDIMENTARY OR SUPPRESSED MOLARS 
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¥\<^. 332 is an ,v-ra>' picture (jf a living patient abc^ut twenty years 
of age, showing a deciduous mandibular second uKjlar, in position, 
there is no second i)remolar de\eloping to take its place; it will be 
noticed that the roots of the decidutuis tooth have been resorbed to 
a great extent. 




Fig. v^.iU. — A'-ra>- of upper and lower jaw. There is no evidence of the de\-elopnien( of the lelt third 

molar or of the second premolars. 

Fig. 333 is an .v-ray picture of an ancient Eg>'ptian mandil)le,' show- 
ing the retention of a second deciduous molar and the absence of the 
developing second premolar similar to the missing premolars in Fig. 332. 

' Belonging to the collection ol Dr. R. C. Kirk. 
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F'igs. 334 and 335 are .v-ray pictures sh(jwing two impacted man- 
dibular third molars in prehistoric mandibles. These two bones were 
tcjund near Tuckerton, N. J., and are suijposecl to have belonged to 
a race of people inhabiting this region before the North American 
Indians. 




a modt-ni i.l\a> 



Figs. ,'\p,(^ and 337 are illustrations made from the left outer side and 
the righl inner side of a man(Hble of a modern skull showing two 
impacted lliird molars; the left one is nearly horizontal, while the 
right one is l)adly "hjcked" under the posterior povt'um ot the second 
nudar. 
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Fig. 338 is made from an .v-ray picture of the same mandible as 
shown in Figs. 336 and 337. In this way the position of the roots is 




Fig. iil. — A'-ray (jf moilern jaws sliowiny (lecickious iiKjIar. (A'-ray by Dr. Pancoast.) 




Fig. iii. — A'-ray picture of an ancient Egyptian mandible. (.Y-ray by Dr. Pancoast.) 
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illustrated, shcwiny consideralilc thickenint;- of the tissue around the 
roots. 

Fig- 339 is ^^» v-ray pieture, showing a develoinng lower rudimen- 
tary fourth molar in a modern mandible.^ There is strong evidence 
that a i)atholoKical condition existed in the tissue surrounding the 
first, second and third molar teeth, especialh' the second and thirfl. 




i-'li.s. .vH ami .^.vS. — A-ra\" |nclurc iil I \\"o [in'h!>tin'i(; ni.tmliMes, show ini; inipactcil nian'-Iil'ular 
thiril molars, i A'-ra\" 1)\" I)r. i'anroasl.l 



I'ig. ,t40 is from a photograph of a li\"ing sultject, sh(_)\\'ing hxe 
ma\illai\\" incisors. 

h'ig. ,i4i is trom an ,v-ra\" picture,- showing f\w erupted deciduous 
and ri\c uneru])lc(l permanent incisors In tlu' mandible ot a li\'ing person. 

I ISiKia^iiiK lo llic inlUci ii.n of Dr. Kirk's. - .V-ra\- nii( iirr loaiK'il 1)\ Dr. Blum ol New York. 
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Fr;s. 330 and 337. — Two liaK'fS of the same niamlililc, sliowini;- two iinpiictud thinJ molars. 
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Fig. 33S. — .V-tay picture showiny two impaitcil third mandibular molars. 
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Flc. 339. — -V-ni\- |iicture showing- impacleil Njwer ruilinientary fourth molar. 




Fli;. .no. — 1 MT(.it();<i'aiih sln.)\\iiii; h\\- ma\illar\ incisCtrs. 




Fig. 341. — .Y-ray shuwing fne (Jeciiliioiis and h\X' |K'rnianent incisors 
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SUPERNUMERARY PREOMLAR TEETH. 

It is iKjt unusual t(j find extra premolar teeth in the maxilla or 
mandible. Dr. Robert H. Ivy has reported a case of six mandibular 
prenifjlars, one of which was impacted.^ Dr. Inglis reports a "case of 
sexen lower bicuspids, two supernumeraries in place and one erupting. 
The patient has also two supernumerary upper central incisors dis- 
placing the centrals proper, yet closely resembling them."- 




Fig. 342. — Plaster c.ist, showing six premolars teelli. 

Dr. Hopewcll-Smith menti(.)ns a case of a negro hax'ing a super- 
numerary premolar on each side of the mandible.' 

Dr. A. H. Ketcham, of Denver, very kindh' loaned the cast of a 
patient's mouth from which Fig. 342 was made, showing three pre- 
molars on each side of the maxilla. 

Fig. 343, 344 and 345 were made from a clinical patient about 
twenty-four A'ears of age, at the Ex'ans Dental Institute. Examina- 
tion showed that the mandibular first molars had been extracted on 
both sides to give room tor other teeth that were in process of eruption. 

' Dental Cosmos, June, 1915, p. 670. 

- Dental Pathology and Therapeutics, fifth edition, p. 282. 

■* Dental Anatomy and Ph\-siology, 1013, p. 215. 
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I he four incisors aiul 1 a\ o canine teeth were weU developed and in 
normal positi(jns. Fig. 343 is an .v-ray (;l the right side ol the upper and 
lower jaws. Three premolars in fairly good position may be seen in 
the mandible, also a fourth imi)acted premolar. The lingual cusp of 




1*111. .W.v -.V-iM\ ^liiiw ill',; Inur ijrriiiiihir^, (.V-r;i\ lix Or. I'.mcoast.) 



the second ])rem()lar is not well formed (see I'ig. 34,S). the other two, 
h(n\c\'cr, ha\ c \\ell-sha|)edi crowns. 

Mg. 344 is made from the lelt side ol the lace, the space between the 
last premolar and the second mola.r indicates that the lirst molar had 
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been extracted. There are three premolars in position with well-lormed 
crowns and an impacted tooth may lie seen l^etween the hrst and second 
])rcmolar to which ncj l)etter name can l)e given than extra premcjUir, 
makinc; eight premolars in the mandible. 




Fig. .344. — A'-ray showing four premolars. (.V-ra>' \>\ Dr. Pancoast.) 

Fig. 345 is made b-om a plaster cast of the occluding surface of the 
mandibular teeth, showing that the incis(jrs and canines are quite 
normal in position and shape, five premolars show fairly good crowns, 
while a sixth premolar on the right side is deformed. 

It will be noticed in this illustration that there are two elevations 
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on the inside of the jaw, above the subhngual fosste, indicating the 
position of the imi)acted premohu's as shown in the two .v-ray pictures. 




■'%. ' 
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Fig. 345. — Plaster cast of lower jaw fmni the same as shown in .V-ra\', Fios. 343 anrl 344. 




Fig. 346. — I'.il.ilal aspect ol the m,L\ill,[ry teeth ,inil lione, from same skull slm^n in Fig. 3. 



Fig. 346 shdws the undtr siirhice dI the upper jaw seen in Fig. 325 
with a ruthmeularA- iourth niohir tm each side of the arch. 
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Figs. 347 and 348 show the under surface of two upper jaws, the 
occlucUng surface of the teeth, and their relative size. Fig. 348 is about 
the normal size, while Fig. 347 is very much larger. In Fig. 347 there 



Supernumerary" tcMjih \ 




Supernumerary tooth 



Fig. 347 




I K US 
Figs. 34-7 and 348. — View ol two upper jaws. The occkidini; surfaces of the teeth and roufs 
of the mouths, and ihc gre.it difference in relatixe size, arc well shown. Fig. 347 has two rudimentary 
fourth molars. 

are two fourth rudimentary molars, one in the line of the arch and one 
on the buccal side of the sec(jnd molar. 

Fig. 349 is a ^•iew of the palatal surface of an upper jaw, showing 
the occluding surfaces of the teeth, with two supernumerary teeth 
situated on the buccal sides of the second molars. 
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Supernumerary" toot!" 




—Supernumerary' toiotli 



Fig. 34:9. — \'ic\\ ol Iht- root of the nioulh ami (jccUiilini; MirlarL-s (A the tc-d-lh Irom an ordinary sized 
iijilier jaw, sl^jwint;- two ri.Klinicntar\- lourth molars. 



A^ /'^\ 




Fig. 351 
Fii;.,s. 350 ami 351. —Two niandiblrs, Fig. 350 Irom the Fan tribe, We.st Africa, Fig. 351 from a 
Cauca.sian, sliowing the diderence in the position of the teeth in relation to the ramus, the mental 
foramen, and the symplnsis. 
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Comparison of Mandibles of a Caucasian and an African Negro. — 
Figs. 350 and 351 affords a comparison l^etween the mandibles of the 
Caucasian and of the Fan tribe negro (West Africa). The}' \\'ere 
photographed upon the same plate, showing their relati^'e size and 
shape. The teeth and alveolar ])rocess in Fig. 350 ha\'e ])een carried 
much further forward than those in Fig. 351. In Fig. 350 the third 
molar is in advance of the ramus, while in Fig. 331 the third uKjlar, 
to a great extent, is j^ostericjr to the anterior margin ol the ramus, 
the difference being al.)out the width of a molar t(joth. In Fig. 350 
the mental foramen is beneath the first m(jlar, while in Fig. 351 it is 
beneath the interspace between the two premolars, again a diff'erence 
of about the width of a molar tooth. 



CHAPTER XIV. 
THE INFLUENCE OF MUSCULAR ACTION. 

After the birth of the child, muscuhir action and vari(nis forces 
ha\e direct influence over changes in the shape <>( the bones, according 
to tlie following rules: 

The normal application of the forces affecting developing bone 
results in normal development of the form of the bone. Their abnormal 
ai)plication under the same circumstances results in the de^•elol)ment 
ot abnormally t<jrmed Ixjnc. Abnormal application ot forces to the 
bone in adult lite will also change and modify the shape and character 
of the bone tissue. The changes which may be caused by the applica- 
tion of abnormal forces to the dex'eloping indi^■idual are well illustrated 
l)y the disfigurements resulting from the tight bandages put upon the 
feet of Chinese girls of the higher class, the use (jf corsets to contract 
the waists of the European women of the analogous class, and the 
flattening of the skulls of certain Indians ot North America by binding 
bcxu'ds upon the heads of the children. Fig. 312 gi^-es a side \'iew of 
one of these Lidians. Fig. 31,^ gi\'es a front ^■iew, showing that b\' 
the compression ol the frontal region downward the skull has been 
extended lateriilly. 

The modification (.)f the bones by al)n(jrmal muscular acti(_in is well 
illustrated by the changes found in persons suftering from true tn' 
false ankylosis ol the temp(jroniandibular articulation. The illus- 
trations ^\•hich loUow are taken Irom a patient and from the bones of 
two skulls. 

False Ankylosis. -Fig. 352 is from the ])hotograph of a patient 
who has l)een sulfering from false ankylosis. Judging trom the general 
outline of the lace, with its protruding lips and receding chin, one 
might be inclined t(j classif\- the indixidual as a degenerate, but the 
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writer believes tliat tliis picture, and otliers to follow, show that this 
is a typical face belonging to those who ha\e or who have had anky- 
losis of the jaw, either true or false. This ].)atient has suffered from a 
false ankylosis since al)()ut nine years ot age. 

Fig. 353 is taken from the right side of the same face, showing a scar 
extending upward and backward from the angle of the mouth to the 
region of the external acoustic meatus. The scar was produced by a 




Fig. .i52. — Characteristic appearance in 
the region of the lower jaw in long-standing 
ankylosis. 




•ii;. j.S.i. — Opposite side of lace of !■ ig. o.i_', 
showing scar caused by a gunshot wound, the 
eflects of «"hich produced false ankylosis. 



gunshot wound. The shot in jassing se^'ered the mas.seter muscle 
as well as a portion of the buccinator. In the healing of the parts 
false bands of cicatricial tissue were lormed, extending from the lower 
jaw to the zygoma and the zygomatic arch. The pterygomandibular 
ligament was also shortened, thus preventing the jaws from being 
ojiened. The treatment for the false ankylosis consisted in cutting the 
false bands and using the uKjuth-gag with a screw to break up the false 
ligaments. The operator was afterward assisted bj' the patient in 
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furcinti' the jiuvs asunder, as shown in Hg. 354. The main object in 
using' the ai^pHancc was to stretch the temijoral anc! masseter muscles 
of both sides. In a few weeks the patient could o]jen the jaws without 
the appliance, as shcnvn in Fig. 355. There was at this time sufficient 
im[;)ro\x'ment to permit of the mastication of food and the proper 
care of the teeth. The condition has since f)een further improved. 




Fi(.i. 3.54. — A|)plictition ul j.ick-scrcnv lor forcint; the month open in false ankj'losis. 

Other causes ot lalse ankylcjsis are: Ossification of the pter^'go- 
mancliljular ra])he, myositis ossificans affecting the masseters, pterj-goid 
or Ijuccinator muscles. 

Typical Ankylosed Mandible. — In cases of true ankylosis of the 
jaw, especially those ol long duration, certain changes in the form of 
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the mandihlc are noticeable, lujt only on the affected side when the 
ankylosis is unilateral, but also (jii the opiiosite side. The character 
of these changes is well shown in Figs. 356 and 357. Fig. 356 is a view 
of the unankylosed side of a typical case of true unilateral ankylosed 
jaw. The condyloid process is shcjrtened and its articulating surface 
is changed. Instead of being rounded at the top it has more of the 




Flc. 35.1. — Results of trcatiii;iit fur false aiik\-los 



shape of a (lothic arch. Through this shortening ot the condyloid, 
the coronoid process is apparently elongated. The angle of the man- 
dible is also elongated so that it fcjrms a projecting point, and the ])ase 
of the bone under the mental foramen is considerabl}' thi<-kened. 
The mental process is much diminished in size. There is no loss of 
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l^onc, but, hy the uptTdtion of causes to be referred t<;, a metamorphcjsis 
has l)een intUiced \\hereb\- the base of the Ijone has been thickened 
at the exi)ense of the mental pnjcess. 0\\in;^ to the same causes, the 
base of the bone, between the ant^le and a point \erticalh' underneath 
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Ik;. .viO — I ii.inkyiose:! ^iilc ol a jaw li.aing a true unilater.il ankylu^rd niandil ailar articulation. 




the canine teeth, is deeph' conca\e in outHne instead of lieing nearly 
strai;^ht, as in the normal jaw. 

Fi^. 357 is taken Irom the opposite side of the face in Fig. 356, 
showing the conch loid process C()mi)leteh' changed; it is Ijroadened 
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out, and is sharph' serrated on the articulating surface. The articu- 
lating surface of the mandibular fossa is also changed to correspond 
to that of the condyle with which it was interlocked. The angle 
of the jaw on this side is much more changed than on the opposite 
side, causing a deep depression in the region of the facial notch. The 
lower jaw, beneath the mental process, is fuller and more roughened 




■■■■'^i 



Fig. 358. — A .skull \m'iIi a true ankylosis of the niandibukir articuUition on the opposite side 



and the mental process nKjre concaxe than on the opposite side. The 
concavity of the Ijase of the jaw and the elongated angle are readih' 
seen in the i:)icture of the living subject (Fig. 360). 

True Ankylosis. — Fig. 358 is from a skull with a complete or true 
unilateral ankylosis of the jaw, taken from the unank^'losed side. 

Fig. 359 shows the ankylosed side. The lower jaw closely resembles 
that shown in Fig. 357, in the descending angle, the receding chin. 
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'jtc. In all cases of proloiii^ed ank^iosis it becomes e\'iclent that there 
is cause lor the chanj^es (_)l.)ser\'efl in the form of the l)ones. 1 he muscles 
ot mastication, /. c, those which elevate the lower jaw — are inactive, 
while those which assist in depressing the mandible become more and 
more active in their work, in an endeax'or t(^ (jverccjme the fixation 
ot the mandilnilar articulation. By their action the lower jaw, fnjm 
the symphysis to the angle, becomes modified in proportion to the 
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I'll.. .1,^'). — \'iu\\" I'f lliu ankxluscd side of Fi'<. 3,5.X. 



<'ontraction ol the depressing muscles ol the ja\\^ .\nteriorly there 
lU'e the two g(.'nioglossus, the slernoth\r(jid, the sternohyoid, the 
digastricns, the oniohyoidrus, and the ]dat\sma, all nt which are 
abnoi-nially acti\e. Their action, without the normal compensating 
laclor ol the mandibulcU" motion, brings about in liiue the changes 
noted. 

Fig. ,^6o is a picture ol the ]>atient shown in Figs. 352 and ,^53, 
showing an endca\ or to open the mouth by the assisted action of the 



CHANGES IN THE MANDIBULAR ARTICULATION 



337 



muscles. It illustrates the various muscles under spasmodic action, 
indicating how their frec[ucnt use under such conditions ma}' cause 
alterations in the form of the bone. 

Changes in the Mandibular Articulation other than by Ankylosis. — 
Teeth becoming diseased or lost on one side of the jaw cause changes 
in the forms of the various bones, through the necessity of masticating 
on the opposite side of the mouth, and the consequent use of the jaws 
in an abnormal manner. In this way great alterations can be made 
in the mandibular articulation, and in one or both mandibular fossa;. 
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Fig. 360. — The action of the depressor muscles of the mandible in ankylosis. 

The articular tubercle may be entirely lost by resorption. The places 
of attachment for the muscles of mastication, as the coronoid process, 
the outer surface of the ramus, the angle of the jaw, etc., become 
roughened and enlarged on the side in use, and smooth and lessened 
on the unused side. The spaces where the mu.scles have their origin, 
such as the external plate of the pterygoid process, the under surface 
of the zygomatic arch, and the temporal ridge of the skull, will also 
become enlarged on one side and lessened on the other. 

Several illustrations are here gi\-en to show the changes brought 
about by the loss of teeth and changed position of occlusion. 

22 
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Fig-. 361 is a \iew of the articulati<jn of the left side of the skull of 
an aged person who had lost all the teeth except three in the upper 
jaw and three in the lower jaw. Thc\' were not opposite t<j one 
another in normal occlusion. In order that the cutting or grinding 
surfaces of these teeth C(nild come into occlusion, the left side of the 
jaw had t<j be carried forward, bringing the condyloid process of that 
side upon the articulating tubercle, while the right side remained in 




Fk;. 361. — Modificution ol tlir Ictt inandilnilar articulation tliroiigli the jaw being forced forward 
in mastication in ortlcr to hnng tlie remaining teeth in occltision. 

a nearly normal position, as shown in Fig. 362. Upon close examina- 
ti(jn ot the ccjndyle ot the left side, it is found to l:)e flattened out, 
pnjbably because of coming in contact with the articular tubercle, 
thus mo\ing the point ot articulation forward, or "jumping the bite." 
The tubercle or eminence is flattened als(j. The forces of mastication 
(jt the lett side were but little used, and accordingly the places ot origin 
and insertion of the muscles ot that side are much less marked than the 
normal; while on the right side, upon which alone the function ot 
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I'lG. 362. — The right mandibular articulation from skull shown in the preceding photograph, where 
the condyloid process has not been carried forward. 




Fig. 363. — Right side of a skull. See mandible, Fig. 9. 
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mastication was periormed, the muscles were thus overworked, and the 
places of attachment and of their oriyin and insertion are strongly 
marked in conseciuence. 

Fig. 363 gi\'es a \-iew of the right side of a skull. Jt will be seen 
that the three molars and one premolar of the maxilla are missing. 
In the mandible, all the teeth except the first and second incisors ha\'e 
been lost. 











y IC. 364. — LeU sitic \"iew ol t hu >anK- ^kull .i^ Fig'. 36. \ showing tht; con(J\iui(.l process, art icul.it ing 
on tliu squamous portion uf (lif tenipor.ii lionc and partl>' on tlu' great wing of tlie spliunoid instead 
ot the mandibular lossa. 



Fig. 364 gi\es a \iew ol the left side of the same skull, showing a 
few upper and lower teeth in occlusion. The remarkal)le characteristic 
is the abnormalh" small ramus, and ])ortion of the body of the fione. 
The cond>'loid i;)rocess, instead ot articulating in the mandibular fossa, 
articulated partly on the sciuamous portion of the temporal bone, and 
partly on the great wing ol the sphenoid. There .seem to be two ways 
in which this deformit\' could occur. ( )ne is \)\ the lack of growth in 
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the ramus and body of bone; the other theor;^' is that the Ijone grew 
to its normal size (as there is evidence of its having articulated in the 
mandibular fossa), when an atrophied condition may have occurred 
which reduced the size of the ramus and part of the body; in <n'der to 




y<^i^j~^'^ 



Fig. 365. — Under view of the articulation of tlie mandilile as shown in l""ig. 364. 
See base of skull, Fig. 93. 

keep up occlusion of the teeth, the condyloid process moved forward, 
first articulating on the articular tubercle, and as the atrophy 
progressed, moving still forward to keep the occlusion, until the 
condyloid process reached the positicm shown in the illustration. 



CHAPTER XV. 

HYPERTROPHY OF THE GUMS AND AL\T:0LAR PROCESS. 

Abnormal growth of the bone may produce ahnost the same 
effect, so far as appearances go, as the mocHfication caused by aljnormal 
muscular action. In P'efjruary, 1893, Dr. J. \\'. Hisey, ot Cleveland, 
brought to the Hospital of Oral Surger}* a boy of fifteen 3'ears. The 





Fig. 366, — From the photograph 
of a lad suffering from hypcrtropln" 
of the gums and al\'colar process. 



h'lG. 367. — Tissue removed from upper jaw of 
patient shown in Fig. 366. 



bo\' was well de\'eloi)ed, bright, intelligent, and \\'ell educated. He 
was afflicted with the most remarkable case of hj'pertrophy of the 
gums and alveolar process that the writer has seen recorded. The 
case was operated upon by the late l^rofessor Garrctson and the writer, 
February 17 and March 11, 1893.^ 



' A full description of the operation will be found in the Dental Cosmos, June, 1893. 
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Fig. 366 is from a i)hotograph of the lad talven before tlie operation. 
Similarly to the first picture shown in the ankylosis series, this boy 
appears to have anything but an intelligent face. On February 17, 




Fig. 368. — Tissue reiiio\-ed from the lower jiiw of ixiticiU shown in Fig. 366. 




Fig. 369. — From a photograph taken three weel<s after the removal of the tissue in Figs. 367 and 368 

Professor Garretson decided that it was best to open the upper lip at 
the median line and carry the incision around to the alae of the nose. 
B}' the aid of the surgical engine and other instruments, the portion 
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sIkjwii in Fi;4. 367 was remowcl from the upper jaw. It was thought 
l)t'st not t<i remo\e the al)normal tissue from the lower jaw at this 
operation, so it was delayed until March ii, when the mass of tissue 
shown in Fig. 36.S was remoxed from the lower jaw. This last was 
accomplished without cutting the lip. 

Fig. 369 is from a photograph taken about April 2(S, se\'en weeks 
alter the second operation; the i)arts were thoroughly healed and the 
general health of the patient was g(j(K.I. He experienced less difficulty 
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qili ^ix \cars .[Iter the 0|)ci'alinn iipun tilt' person rcprcseiUeil in Fii;. ,i,^0. 



in articulating than prcxious to the o|)eration, and the imjjrovement 
in his speech and general a])])earance was very marked. 

Artilicitil dentures were supplied in due tinu'. 

Fig. 37(^ is made from a photograph taken six A'ca.rs after the 
(operation. T(^ judge from this, the young man certainly does not look 
like a degenerate. The oi)eration has e\'identl\' made a tremendcjus 
improvement in his ap])earance, and it seems to be conclusi\eh" 
demonstrated that I'rofessor (".arretson was right in his judgment. 



CHAPTER XVI. 
THE RELATION OF THE TWO JAWS. 

The Relation of the Upper and Lower Jaws Varies Throughout 
Life. — There is also a difference in their relative time of development. 
The lower jaw is developed slight!}' in advance of the upper one and is 
formed from two processes or buds, the upper jaw being formed from 
tour processes or buds — two from the sides and two fr(^m abm-e. 
Occasionally these four processes fail to completely unite. This lack 
of union varies from a slight cleft palate or hare-lip to a double cleft 
palate and double hare-lip. In a few very exceptional cases there has 
been an entire lack of union of these parts, leaving the mouth, nasal 
cavit}', and orljits as (.)ne common cavity. X'arious theories ha\'e 
been advanced for this lack of union, the most prominent, perhaps, 
being that of malnutrition of the parts during the time when the 
union should take place. While agreeing that malnutrition is i)robab!y 
largely responsible, the writer offers as a plausible explanation of the 
manner of its operation the idea that as the lower jaw is f(jrme(l in 
advance of the upper one, when undue pressure is exerted ujjon it, it 
is fcjrced in between the four processes forming the upjjer jaw, thus 
mechanically,' preventing them from coming together. 

The normal [position of the fetus /// utero is such that the weight 
of the entire fetal body could be thrown upon the \ertcx, the 
pressure thus exerted would tend to force the mandible into contact 
with the sternal region and comp^ress the forming jaws together. The 
relatively advanced development of the mandible, as compared with 
that of the forming maxilla, would under the circumstances referred 
t<j, and especialh' in cases of low nutritional standard, interfere with 
the niM'mal closure ot the brachial arches and tend to produce a per- 
manent coloboma. 

If an examination be made of a }oung child with a complete cleft, 
it will be noticed that the upper alveolar ridge is immediately cner 
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the aK'colar rids^e of the lenxer jaw, or it may be external to it; in the 
normal child or in the person of advanced age the upper aheolar ridge 
is in \'ertical line A\ithin that of the lower jaw, as is well illustrated in 
Figs. 196 and 372 and in Figs. 375 and 376. 

Congenita! cleft palate has also been attributed to the efTects of 
syphilis during intra-uterine life. ( Hopewell-Smith. j 

Manner of Drinking. — Indi\iduals ha^nng cleft ]:ialate, especially 
those with douljle cleft, ha\'e not the p(>wer to drink when the anterior 
portion of the mouth is on a lower level than the posterior jwrtion. 
They are compelled to raise the head, thus throwing the fluid back 
into the pharynx, similar to the manner in which a chicken drinks. 
This mode of drinking is normal with the chicken, as it has naturalh' 
a cleft palate, and has not the i^ower of suction as performed in man 
bj' the glosso])alatinus muscle. A child with a com])lete cleft has no 
power of suction with the lips, but if an artificial nipple be long and 
large, the child ma>- seize it with the palatal muscles, which will give 
the power of sucking (jr of drawing the fluid through the nipple.' 

Mold upon which the Maxilla is Formed. — It is generall}- accepted 
that the lower jaw acts as a matrix or mold upon which the upper jaw 
is formed. To an extent it certainh' becomes the UKjld upon which 
the inleri(jr Ijorder of the u|.)])er jaw is formed, as the latter comes in 
contact with its inner edges. This action also influences the general 
contour and shai)e of the superior alveolar ridge and roof of the mouth. 

F'ig. 371 is a [Mcture taken from the skull of a fulh' de\'eloped fetus. 
The skull has l»een cut \erticalh' and trans\ersely in the region of the 
de^"eloping deciduous teeth of both jaws, showing the jaws in trans- 
verse section. The skull is ([uite symmetrical. It is plainly to be 
seen that the width of the ujjper jaw is much less than that of the 
lower.- As a further c^"idence of this fact, it \-ertical lines are drawn 
through the centres of the tooth-germs and the aheolar process of 
each jaw, it will be found that the lines ot the upper jaw are on the 
inner side of those of the lower jaw, the extent of the difference l)eing 
about onedialf of the thickness ot the lower jaw . 

'- For surgical procedure anfl further description of cleft palate, see Broph\ 's Ural Surger\-, p. 563. 
' For description of ollu-r features shr>\vn in Ihi^ illustration, see Fig. l'-'5. 
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Fig. 372 is talvcn from an aclult jaw. If lines be drawn through the 
longitudinal axes of the upper and the l(jwer teeth, it will be found that 
those through the former, as they extend toward the corona! surfaces, 
pass a little outward, while those passing up through the lower teeth 
incline inward. This is evidence that the relation found in the fetus 
has been continued, and that all through the period of growth of the 
lower jaw and de\'elopment of its alveolar process, the latter has been 
directed inward, while the ui)])er alveolar j^rocess has extended out- 
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Fig. 371. — Vertical tn\n.s\erj,c section tlirotigh the orliits, the nasal c.i\ity, and the premohir teeth. 

wardly, so that the cusps of the upper permanent teeth, when fully 
developed normally, bite over the outer cusps of the lower teeth occ!•"^- 
ing with them. If the teeth and alveolar process be excluded, it will 
be observed, as in the fetal skull, that the up])er jaw is much smaller 
than the kn\'er. 

Fig. 373 is from the anterior section of Fig. 372. It illustrates the 
occlusion of the anterior teeth, also shows the cortical and the cancel- 
lated tissue of the mandible. 
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The Resorption of the Alveolar Process. — As the alveolar process 
belongs to the teeth and is de\-eloped with them, and its function is 
that ol holding them in position, it disappears to a greater or less extent 
after the teeth are lost. Hopewell-Smith has shown that this resorption 




] 10- .i72. — Anterior x'icxv of a vertical transverse seclimi tliroiiyli the lower jaw and the lower 

porliun of tlic U|.)|)er jaw. 




Fig. 373. — :\iilerior si-clion <jI I^ig. v^72. 

ol lione may I.)egin at a wy\ early age — (jn account of the tact that, 
histologically, the structure oi the osseous tissue differs considerabh" 
from that found elsewhere, and its blood supply is \-ery inadequate. 

The manner of its resori)tion rliffers in the tA\(> jaws. In the upper 
ihe external plate disappears more rapidly than the internal, which 
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persists for a considerably longer j^eriod, thcjugh in extreme old age the 
entire process is lost, leaving a \'ery narrow jaw and a small roof to 
the month (see Figs. 375 and 377). 

In the lower jaw the resorption of the two plates takes place more 
evenly. I'sually they are resorbed in such a manner that a slight ridge 
is lelt between the places which they formerly occupied. 

The Relations in Extreme Old Age. — As a result, there is jjroduced 
a twofold effect upon the relation of the jaws. As the resorption of 
the alveolar process goes on, the vertical distance between the body 
of the lower jaw and that of the upper is lessened, while the natural 
difference in their width is increased. The area of the upper jaw 
Ijecomes smaller in proportion to that of the lower, the axes of the 
mandible extending further outward. In the endea\'or to close the 
jaws under these circimistances, the lower is projected further forward 
as it rises to meet the upper, until, in extreme cases, it may pass al)so- 
lutely outside of the upper. This is a freciuent characteristic of the 
edentulous jaw in old age. 

If properly fitting artificial dentures are placed in the mouth 
l)romptly after the loss of the natural teeth, the resorption of the 
ah'eolar process, and particularly the change in the angle of the jaw, 
will be retarded. Thus, if these teeth are replaced from time to time 
by dentures adjusted to the conditions as the processes recede, this 
characteristic change ot old age will be o^•ercome to a very large extent. 

Figs. 374 and 375 are taken from two skulls of about the same 
shape and size. Fig. 374 is from an adult of af)Out twenty-five years, 
ha\-ing a full series of normally occluded teeth. The direction of the 
upper and lower teeth can be observed as described. Fig. 375 is from 
a person of se\'ent>'-fi\'e }'ears or more, where all the teeth were lost 
and the alveolar process resorbed, showing the upjDcr and lo\\-er jaws in 
their normal shape and relations. 

Figs. 376 and 377 are a side view of the same skulls shown in Figs. 
374 and 375. It seems evident from these skulls, which are t}'pical 
and not exceptional, that if the teeth be lost and the alveolar process 
resorbed after middle life, the upper and lower jaws cannot be again 
brought into occlusion through their ah'eolar borders. 
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Causes of Malformation of the Jaws. — The normal action and 
reaction between the two jaws has been spoken of as producing irregu- 




FiG. 374 Fk;. 375 

Figs. 374 and 375. — 4" wo adult skulls \'ic\ved fniiii lielow: Fig. 374 from a sul.ijcct about twenty 
years old; Fig. 375 from one well advanced in years. 




F"i(.,. 376 Fig. 377 

Figs. 376 and 377. — Side \ iew of the two skulls shown in Figs. 374 and 375. 

larities in the slKi])e of the arches, of the roof of the mouth, and in the 
position ol ihe teeth. In general, it may be said that any cause which 
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prevents the normal occlusion of the jaws, during either rest, speech, 
or mastication, will bring about malformation of these parts. Among 
the causes which prevent the normal l^ringing together of the jaws may 
be mentioned abnormal mouth-breathing, inflammation of the bone, 
of its j^eriosteum or of the pericementum, or conditicjns causing pain 
when the teeth come in contact. Abnormal mouth-breathing should 
be corrected, whether it is caused by bony obstruction, in hypertrophy 
of the mucous membrane, or by adenoid growths in or about the naso- 
phar^'ngeal space or by narrow dental arches. While the jaws are 
kept apart the muscles in connection with the orl)icularis oris are some- 
what tightened, and a pressure which has a tendency to force the teeth 
inward is brought to bear upon the non-occluding teeth, causing mal- 
occlusion. While this feature has received very general acceptance, 
it is, in the opinion of the writer, merely an incidental factor, and of 
far less etiological significance than the loss of the developing and 
molding influence which directly results from the percussive force 
of occlusion exerted by the mandible upon the maxillary arch. The 
presence of adenoid growths in the nasopharynx, or in fact any cause 
which interferes with the normal closing of the mouth, at once interferes 
with occlusion, which, in view of more recent studies, the writer regards 
as the most potent factor in the normal development of the relation 
of the upper to the lower dentures. 

It is, of course, t(j be understood that the factor behind these 
anatomical variations, leading to asymmetrical development, is neces- 
sarily that of nutrition. Some interference with local nutrition has 
brought about functional disturbance of a part, and this, in turn, a 
corresponding modification of anatomical form. 

The writer in conclusion suggests that the data which are embodied 
in this work will not be regarded as exhaustive of the subject, but 
rather as an indication of the magnitude of the field to be studied, 
and more particularly as suggestive of the rational method by which 
the subject should be investigated. 
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Acoustic meatus, 73 
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AK'colar process, anteroposterior section 
through, 128 
hypertrophy of, 342 
of mandible, 25, 77 
resorption of, 271, 348 
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variations in, 263-284 
Anatomy, 263 

Anesthesia, local, of parts of face controlled by 
the trigeminal nerve, 163-165 
of teeth, 163-165 
Ankylosis, action of depressor muscles of man- 
dible, 337 
false, 330 

treatment of, 331, 332, 3.-,3 
of mandible, changes in, 333 
typical, 332 
unilateral, 334 
true, 335 
Antrum of Highmore, 217 
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superior alveolar, 134 
Articular tubercle, loss of, 337 
Articulation of mandible, 70 

changes in, 337, 338, 339, 340 
Auditor)- tubes, 196, 206 
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branches of, 150 
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Canine teeth, impacted, 176, 177, 178, 179, 180 
mandibular. 111 
crown of. 111 

anterior face of, 112 
cutting edge of, 112 
labial face of. 111 
lingual face of, 112 
posterior face of, 112 
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neck of, 112 
root of, 112 
maxillary, 105 
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anterior face ol, 106 
cutting edge ol, 106 
labial face of, 105 
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posterior face of, 106 
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neck of, 106 
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root of, 106 
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Child's head, trans\'erse section of, 95 
Chinese mandible, 30 
skull, 87 
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Cleft palate, 80, 345, 346 
Concha, middle inferior, 291 
superior, 204, 224 
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Cond>'loid process, 69 
Cribriform tube, dental branches of, 37 
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Cribriform tube of mandible, 33, 34 
Crista galli, cell of, 251, 262, 275, 276 

variations of, 264-284 
Crown of first mandibular molar teeth, 114 
maxillary molar teeth, 108 
of mandibular canine teeth, 111 
incisors. 111 
premolar teeth, 112 
of maxillary canine teeth, 105 
incisors, 104 
premolar teeth, 106 
of second mandibular molar teeth, 115 

maxillary molar teeth, 109 
of third mandibular molar teeth, 116 

maxillary molar teeth, 109 
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Dental arch, 94 
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Dentition, prehensile type of, 312 
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ankylosis, 337 
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Diagrams of angles of mandible, 31 
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Egyptian niandifile, 317, 319 

Engine, surgical, 76 
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Ethmoidal cells, 204, 205, 207, l^S, 259, 291 

anterior, 259 
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variations in, 263 
cancellated structures of, 20 
development of, 21 
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neuralgia of, 64 

sections of bony structures of, 263-284 
sensory nerve supply of, 139 
False ankylosis, 330 
Fan tribe, West Africa, mandible of, 328 

skull of, 310 
Fifth nasal meatus, 208 
First mandibular incisors. 111 
molar teeth, 113 
premolar teeth, 112 
maxillary incisors, 104 
molar teeth, 108 
premolar teeth, 106 
Five maxillary incisors, 322 
Flathead Indian, skull of, 305 
Floor of nose, narrow, 96 

wide, 94, 96 
Foramen, incisive, 182 
Fourth meatus of Zuckerkandl, 208 

molar teeth, impacted, 322 
Fracture of mandible, 50, 59 
treatment of, 60, 61 

Barton's bandage in, 60 
interdental splints in, 60 
of neck of mandibular condyle, 60, 62, 63, 70 
Frontal nerve, 142 

sinus, 203, 206, 212, 248 
de^'elopment ol, 248 
numerous, 253 
obstruction of fluids in, 215 
occlusion of outlets of, 212 
septa of, 249-256 
size of, 254 

variations of, 248-258, 276 
Frozen sections, 285-303 



Ganglion, ciliary, 155 

otic, 161 

sphenopalatine, 157 
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sympathetic, 154 
Greyhound, sagittal section of skull of, 270 
Grow'th of bone, 50, 51 
Gums, hypertrophy of, 342 
treatment of, 343 
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Hard palate, 100 
Hare-lip, cause of, 345, 346 
Head, anatomical variations of, 17 

frozen sections of, 285-303 

directions for making, 285 
Hcavv mandible, 28, 315 

skull, 86 

measurement of, 88, 92 
Heidelberg skull, 313 
Hiatus semilunaris, 207, 210, 291 

variations of, 264-284 
Highniore, antrum of, 217 
Hydrocherus capybara, 71, 72 
Hydrogen peroxide necrosis of mandible, 53 
Hypertrophy of ah'colar process, 342 
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Impacted teeth, 166, 174, 176, 177, 178, 
179 
canine, causes of, 167, 173 
cysts in, 193 
diagnosis of, 170, 192 

\'alue of .v-ra3"s in, 170 
first mandibular molar, absorption ol 

roots of, 187 
fourth molar teeth, 322 
general effects of, 170 
incisors, 174, 175, 181 
local effects of, 169, 178 
molar, ISO, 181, 182 
neuralgia in, 192 
second mandibular molar, 187 

molar teeth, 316 
in skull of monkey, 168, 169 
supernumerary tooth, 173, 174, 181 

systemic effects of, 172 
third, mandibular molar, 171, 183-186, 
188, 189, 190, 191 
extraction of, 191 
maxillary molar, 182, 183 
Incisors, impacted, 174, 175, 181 

due to disease m nasal ca\'it\', 192 
mandibular, 111 
crown of. 111 

cutting edge. 111 
labial face. 111 
lateral faces. 111 
lingual face. 111 
definition of. 111 
first. 111 
neck of. Ill 
pulp of, HI 
root of. 111 
second. 111 
maxillary, 103 

crowns ol, 103 



Incisors, maxillar\', crowns of, anterior face of, 
104 
cervical margins of, 104 
cutting edge of, 104 
labial face of, 103 
palatal face of, 104 
posterior face of, 104 
proximal face of, 104 
definition of, 103 
first, 104 
neck of, 104 
pulp of, 105 
root of, 104 
second, 104 
Indian, mandible ol, 27 
Inferior aheolar artery, 135 
course of, 136 
mental liranch of, 136 
m^'loh\'oid branch ol, 135 
nerve, 152 

branches ol, 153 
nasal meatus, 201 
Infiammatory changes in mandible, 48 
of children, 48 
surgical patholog\- of, 49 
Infraorl)ital ner\'e, 147 

branches of, 147 
sinus, 228, 272 
Infratrochlear ner\-c, 145 
Infundibulum, 291 
Interdental splints, 60 
Internal maxillary artery, 135, 138 
course of, 135 
maxillary division of, 135 
pterygoid division of, 135 
pterygopalatine division of, 135 
nasal ncr\-e, 144 
pterygoid ner\x', 149 
Introduction, 17 
Irregular eruption, inlluence on teeth, 166 



Jaw, body of, A?i 

structure of, 3i 

lower, 23 

upper, 81 

intermaxillary- suture of, 81 
interpalatal suture of, 81 
interpremaxillary suture of, 81 
maxillopremaxillary suture of, 81 
palatomaxillary suture of, 81 
premaxillfe of, 81 
Jaws, malformation of, causes of, 350, 351 

modern, .v-ra>- pictures of, 318, 319 

relations of, 345 
in old age, 349 
variations of, 345 

x-ray picture of, 125, 126, 128, 129, 130 



35(5 



INDEX 



Lacrimal nerw, 14.5 
Lamina dura, 77 
Lingual ner\-e, 151 
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AL^LFORMATION of jaws, causes of, 351) 
■Mandible, 23 
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alveolar process of, 25 
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nificance of, 3S, 40 
surgical significance of, 38, 42 
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ankyloid, t\"|)ical, 332 
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in carni\'ora, 71 

changes in, 72 
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cancellated structure of, 43, 44 
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Caucasian, 328 
Chinese, 30 
cribriform tube ol, 34 
cross-sections of, 41, 42, 46, 47, 49, 65 
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Egyptian, 317, 319 
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mandibular fossa, 69 
of rodents, 72 
secondary deposits of, 64 
shape of, 23 
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of South African negro, 2 7 
surgical pathology of, 38, 42 
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of \ertebrates, 72 
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Mandibular articulation, 68, 70, 73, 74, 324 
changes in, 337 

through loss of teeth, 338-341 
canal, 33 
canine teeth, 1 1 1 
condyle, neck of, fracture of, 60 
correction (A, 75 
fossa, relation ol, to comhloid process of 

mandible, 6'i, 71, 72 
incisor teeth, 110 
molar teeth, 113 
nerve, 147 
premolar teeth, 112 
teeth, definition of, 110, 111 
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Maxilke, 76 

ah'eolar process of, 77 

external plate of, 77 
internal plate of, 77 
architectural features of, 76 
definition of, 76 
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pathological relations of, 77 
vascular supply ot, 135 
Maxillary alveolar ner\-e, distribution of, 140 
canine teeth, 105 
incisors, 103 
fi\-e, 322 
molarteeth, 107 
ner\"e, 145 

branches of, 146 
premolar teeth, 106 
sinus, 94, 128, 129, 217 
anterior wall of, 115 
anteroposterior section through, 128 
dental relationships of, 235 
descriptive anatomy of, 217 
development of, 219 
floor of, 223 

impacted tooth in, 178 
inlectio)! Irom teeth, 236-242 
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Maxillary sinus, large, 98, 223 
nasal wall of, 227 
outer wall of, 226 
outlet, 244 

pathological conditions' of, 237, 244, 
245 
treatment of, 24b, 247 
posterior wall of, 226 
proximal wall of, 227 
roof of, 226 
septa of, 227-234 
small, 99 

superior wall of, 226 
surgical relations of, 242 
typical, 221 

\'ariationsof, 223, 264-284 
■v-rayof, 222 
zygomatic wall of, 226 
MaxiUomandibular splints, 60 
Mental foramen, 36 
process, 25. 26 

function of, 26 
Mesa Verde Indian, skull of, 306-309 
Middle nasal meatus, 196, 205 
Mixed race, skull of, 85 

measurements of, 88 
Modification of the normal shape of the bone 
through abnormal forces, 304 
ol skulls b-\' age, climate, diet, occupation, 
18 
liv artificial means, 305-309 
Molar teeth, impacted, 125, 180-190 

second mandibular, 187, 315 
third mandibular, 183-190 
mandibular, 113 

definition of, 113 
first, 113 

crown cjt, 1 14 

anterior face of, 114 
buccal face of, 114 
morsal face of, 114 
palatal face of, 114 
posterior face oi, 114 
neck of, 114 
roots of, 115 
second, 115 

crown of, 115 

anterior face of, 1 15 
buccal face of, 115 
morsal face of, 115 
palatal face of, 1 1 5 
posterior face of, 115 
neck of, 115 
pulp of, 1 16 
roots of, 116 
third, 116 

crown of, 116 
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neck of, 116 
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Molar teeth, maxillary-, definition of, 107 
first, 108 

crown of, 108 

anterior face of, 109 
buccal face of, 108 
morsal face of, 109 
palatal face of, 109 
posterior face of, 109 
neck of, 109 
roots of, 109 
second, 109 

crown of, 109 

anterior face of, 110 
buccal face of, 109 
palatal face of, 109 
posterior face of, 110 
neck of, 110 
roots of, 110 
third, 110 

description ot ,110 
rudimentary, 312—322 
suppressed, 312-322 
Monkey's skull, impacted teeth in, 168, 169 
Mouth, 100 

anatomy of, 100, 101 
asymmetrical arch of, 263 
lunctions of, 100 
interpalatal suture of, 78 
interpremaxillary suture of, 78 
position of, 100 

relation of, to nasal chamber, 285-303 
to pharynx, 285-303 
to tongue, 285-303 
roof of, 100 
sides of, 101 

sutures of the roof of, 78 
vestibule of, 100 
Muscles of mastication, changes in, 300, 337 
corrugator, 142, 
frontalis, 142 
obicularis oris, 142 
pterygoideus externus, 70, 159 
Muscular action, inlluences of, on skull, 330 
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Nasal ca\-ity, 196, 203 

descriptive anatomy of, 196 

fioor of, 197 

fluids of, 215, 288 

infection from, 218 

inner walls of, 197 

middle meatus of, 196, 205 

narrow, 96, 97, 98, 277 

outer walls of, 197 

pathological condition of, 208 

relation to mouth, 285-303 
to pharynx, 120, 285-303 
to tongue, 285-303 

roof of, 197 
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Nasal c,'i\il\', NuriaUons of, 204-2S-t 

wide, 9(), 99, 277 
fossa, 94 
meatus, fiftti, 208 

fourtfi, 275, 277 

inferior, 199, 201, 204 

iniddlu, 205 

superior, 207, 208, Hi 
nieati, 198, 200 
medial Avail, 202 
septum, 198, 290 

spurs of, 198, 280, 290 

\-ariations of, 264-284 
Nasociliary ner\-e, 145 

branches of, 145 
Nasolacrimal canals, 201 

duct, 196, 202 
Neck of first mandil.iular molar teeth, 114 

maxillary molar teeth, 109 
of mandibular canine teeth, 112 

incisors. 111 

premolar teeth, 1 15 
of maxillary canine teeth, 106 

incisors, 104 

premolar teeth, 107 
of second mandibular molar teeth, 115 

maxillary molar teeth, llU 
of third mandibular molar teeth, 116 
of tooth, ricfinilion of, 105 
Necrosis of mandible, 4'^ 52 

h>'drogen peroxide, 55, 55 

phosphorous, 54, 56 
tubercular, of mandible, 52 
Negro, skull of, 314 
Ner\'e, auriciilotem|ioral, 150 
buccinator, 149 
deep temporal, 148 
ethmoidal, 144 
external pterygoid, 149 
frontal, 142 

inferior alveolar, 152, 154 
infraorbital, 147 
infratrochlear, 145 
internal nasal, 144 

pterygoid, 149 
lacrimal, UO, 145 
lingual, 151 
long ciliar\ , 144 
malar, or z\gomaLicolacial, 146 
manilibular, 147, 157 
masseteric, 14S 
maxillary, 141, 145 
mental branches, 154 
nasociliar\-, 140, 145 
nasopalal ine branch, IdO 
ophthalnni-, 141 
orbital, 158 
palatine branches, 159 
^i^aryngeal or pterygopalatine, 160 

""•or ethmoidal, 144 

o-ethnioidal, 144 



Nerve, superior alveolar, 146 

supraorbital, 142 

supratrochlear, 142 

trigeminal, 139 

zygomatic, 146 

zygomaticotemporal, 146 
Neuralgia, facial, 64 

in impacted teeth, 169, 175, 186, 189 



O 

Occlusion-, 74, 124, 541, 548 
Odontonies, 152, 174 
<-)phthalniic ner\ e, 141 
Orbicularis oris, 26, 142 
Orbital jjrocesses, 260 
Osteomjelitis, 245 
Ostium maxillare, 207, 227 

\'ariations of, 264-284 
Otic ganglion, 161 

branchi's ot, 162 



1'alate, cleft, 54ti 

manner ol ilrinking in, 346 
hard, 100, 293 
mucoperiosteum of, 101 
soft, 100, 29(, 
Periosteum, 50 
Permanent teeth, 102, 105 
anatomy of, 103 
PIiar\ngeal dome, height of, 89 

ol skulls, measurement of, 88 
I'harynx, relation to mouth, 285-303 
to nasal chamber, 285-3fl3 
to tongue, 285-303 
k'hosphorous necrosis of mandible, 54 
Posterior ethmoidal ner\c, 144 
Prehensile t>'pe of dentition, 312 
Prehistoric mandible, 318, 320 
skulls, 505-309 

measurement <A, 88, ''2 
1 'r<_inaxilKe, non-union (jt, 7*' 
Premolar teeth, mandibular, 112 
crown ol, 112 

buccal lace of, 112 
lateral face of, 112 
lingual face of, 1 12 
niorsal face of, 112 
ilelinilion of, 112 
first, 112 
neck of, 113 
].ulp of, 113 
root of, 115 
second, 112 
maKillar\', 106 

crown of, 106 

anterior face of, 107 
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Premolar teeth, maxillar^■, crown of, liuccal 
of, 106 
morsal face of, 107 
palatal face of, 107 
posterior face of, 107 
definition of, 106 
first, 106 
neck of, 107 
pulp of, 107 
root of, 107 
second, 107 
misplaced, 93 
supernumerary, 323-329 

.v-ray picture of, 324, 325 
Prognathous mandible, 28 

skull, measurement of, 88, 90, 91 
Pull) of mandibular incisors, HI 
premolar teeth, 113 
maxillary canine teeth, 106 
incisors, 105 
premolar teeth, 107 
second mandibular molar teeth, 116 
tooth, definition of, 103 



Regeneration- of bone, 49, 50, 51 

of mandible, 49, 57, 58 
Relation of the two jaws, 345, 346 
Resorption of the alveolar process, 348, 349 
Retarded eruption, 166 
Roots of first mandibular molar teeth, 115 
maxillary molar teeth, 109 
mandibular canine teeth, 112 
incisors, 111 
premolar teeth, 113 
maxillary canine teeth, 106 
incisors, 104 
premolar teeth, 107 
second mandibular molar teeth, 116 

maxillary molar teeth, 110 
third mandibular molar teeth, 116 
tootli, definition of, 103 
Rudimentary molar teeth, 312-322 



Second mandibular incisors. 111 

molar teeth, 115 

premolar teeth, 112 
maxillary incisors, 104 

molar teeth, 109 

premolar teeth, 107 
molar teeth, impacted, 316 
Secondary deposits, 64 
Sensation, reestablishment ot, 56 
Sensory nerve supply of teeth and face, 139 
Sequestrum of diseased mandible, 59 



lace ' Skull, anterolateral \iew of, 83 
asymmetry of, 19 
of badger, sagittal section of, 271 
base of, 90, 91, 92, 93 

measurements of, 88 
belonging to mixed race, 85 
brachycephalic, 309 
Caucasian, 84, 310 
Chinese, 87 

composite picture of, 311 
external surfaces (jf, 81 
of Fan tribe, West Africa, 310 
of Flathead Indian, 305 
front view of, 81 

of greyhound, sagittal section of, 270 
heavy, 86 
Heidelberg, 313 

influence of muscular action on, 330 
measurement of base and phar^■ngeal dome 

of, 88 
Mesa Verde Indian, 306-309 
modifications of, 18 
by age, 18 

by artificial means, 305-309 
by climate, 18 

diagnostic importance of, 19 
by diet, 18 
by disease, 18 
of normal shape, through abnormal 

forces, 304 
by occupation, 18 
of monkey, impacted teeth in, 168, 169 
narrow, frozen section of, 299, 300 
of nati\'e Australian, 314 
of negro, 314 

pharyngeal dome of, measurements of, 89 
prehistoric, 305-309 
side view of, 84 
Sussex, 313 

symmetrical, frozen section of, 298 
symmetry of, 81, 83 
typical, 82, 84, 90, 95 

anterior portion of base ol, 121 
trans\-erse section of, 95 
variations in shajjc of, causes ol, 304 
West African, 85 
with misplaced premolars, 93 
Skulls, comparison ol, 311 

of various races, 305-314 
Soft palate, 100 

South African negro, mandible of, 27 
Sphenoethmoidal ner\'e, 144 
Sphenoidal sinuses, 234, 257, 260 
Sphenopalatine ganglion, 153, 157 

branches of, 158, 159, 160 
Splints, interdental, in fracture of the mandible 
60 
maxillomanflibular, in Iracture of the m? 
dible, 60 
Submaxillary ganglion, 162 
Ijranchesof, 162 
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Superior alveolar ner\'e, 146 

meatus of Zuckcrkamll, 20S 
nasal meatus, 207, 2(I.S 
Supernumerary premolar teeth, 323-32'' 
teeth, 173 

impacted, ISl 
Suppressed molar teeth, 312-322 
Supraorbital ner\-e, 142 
Supratrochlear ncr\'e, 142 
Sussex skull, 313 

Sutures of roof of mouth, 78, SO, 81 
intermaxillary, 81 
interpalatal, 81 
interpremaxillar\ , 81 
maxillopremaxillary, 81 
median palatal, 78 
palatomaxillar\ , 81 
Sympathetic gani;lia connected with trigeminal 
ner\'e, 154, 130 



TiiliTH, 101 

abnormal. 125. 132. 133 
anatonn of, 101, lii(> 
anteroposterior section throuL;h, 128 
deciduous, 102, 103, 117, 171, 172 

sheddini{ of, 1 10 
devitalized, 66, 137 
eruption of, 118, 172 
functions of, 102 
fusions in, 132, 133 

impacted, 125, 128, 120, 166, loO, 324 
influence ol irre;,;ular eruption i.hi, lOd 
irregularities in, 132, 133 
local anesthesia of, 1()3-1()5 
m.indibular, 1 U). 115 

canines, 1 1 1 

incisors, 1 ID 

molars, 113, 1 1() 

preniol.irs, 1 12 
ina\lllar\ canmi-s, 1 05 

iilcisois, 103 

molars, 1(17 

liremolars. UK. 
nomenclai urr nl, 102 
occlusion ol , 122 
pectiliarilirs ,,f, 131 , 1 i2, 133 
permaiienl , .uial \ ol , 11)3 

sel. 102. 103 
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Third mandibular molar teeth, Hf' 
maxillary molar teeth, 110 ^ ^ 
Tongue, relation to mouth, •^'^•"''■3'!'- -im 
to nasal chamber, 120, 28.-,-M)3 
to phar>'nx, 285-303 
Tooth, crown of, definition of, 103 
neck of, definition of, 103 
\,u\y of, (lelinilion of, 103 
root of, deliniUou of, 103 
Transverse sections of face. 218, 220, 221, 22:^, 

229, 277, 279, 280, 281, 282, 28.^ 
Trigeminal nerve, 139, 243 

course of, 139 
True ank\losis, 335 
Tubercular necrosis of mandible, .■>2 
Typical skull, measurement of, 88, 90 
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U-SHAPEI) cortical structure of mandible 
Uvula, 2')}., 205 



Vasculai; suppK- of inanilibular teeth, 136 

m.Lxill.uA teeth. 135 
Vestibule of moiuh, 100 
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West Afric.m skull, 85 
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if dental CNsts. 103 

teeth, 17», ISO, 184, 187, 
^21, i22 
s, 222 

MK.Iars, 317, 318 
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iliagnosis 

of iiup.icte 

l'»l, 31(1, 

111 m.ixilLiry sin 

show ing eight I 

foin' pienicil.irs, 325 
of sinuses, 222. 224 

of teeth, 125, 12o, 128. 12'', 130, lo9, 170, 
324, 325 



Zyi^dmatic arch, 84 
bone, 84 
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